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Preface

The GIWA region 27 covers the Gulf of California and its drainage basins.
This report focuses on the Colorado River Basin with emphasis on the
delta area. The report presents the results of research, information
development and policy analysis. The methodology covers issues
such as water availability, regional imbalances, relationships between
water use and water quality, and alternative low-cost natural systems
for treating wastewater. The papers range from addressing fundamental
scientific questions regarding the linkages between land use and water
quality, to the ecological impacts of excessive water consumption, to

the feasibility of applying alternative treatment options.

The GIWA region 27 Task team, integrated from personnel of WWF Gulf
of California Program, the Berkeley Public Policy team and personnel
from the Instituto Nacional de Ecologia (Mexico, City), conducted the
research described in this report. During the GIWA workshops for the
Scaling and Scoping held August 21-23, 2002 in Hermosillo, Son, Mexico
and the Causal chain analysis and Policy options (April 7-9, 2003) the
main thematic was based on problems concerning transboundary
issues in international waters and how to apply the results from scientific

assessments to manage water resources.

The study makes use of the work of others, especially in its descriptions
of the region and the issues that it faces. We are grateful for the
cooperation and permission that have been granted by the region’s
planning agencies, the Instituto Nacional de Ecologfa (INE), Mexico
City Office, the Comision Nacional del Agua (CNA), Gerencia Regional
Peninsula de Baja California, Mexicali, and the Instituto del Medio
Ambiente del Estado de Sonora (IMADES). We also appreciate the many
persons from the study area who participated in the GIWA workshops,

and those who provided invaluable guidance throughout the project.

The Global International Water Assessment (GIWA) and the World Wildlife
Fund (WWF), Gulf of California Program Project Number QQ98, funded

the research.

The information herein is believed to be reliable, but the assessors and
their institutions do not warrant its completeness of accuracy. Opinions
and estimates are the judgments of the research team. The sole purpose
of this research is to provide information to the many stakeholders and
jurisdictions of the region regarding issues, strategic planning choices,
and their possible consequences related to the sharing of international

waters.

While the scientific community still debates the meaning of international
water management, the concerns of environmental institutions still rely
on how to interact with the environmental impacts with scarce water

resources of an unsustainable urban development.

PREFACE
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Executive summary

In regions where water demand approaches or exceeds the limit of
available supplies, competition intensifies amongst various users,
turning water scarcity into a potential source of conflict. This report
applies an analytical methodology developed by the GIWA programme,
that consists of: (i) the regional definition, based on its main physical,
socio-economic and legal framewaork; (i) an assessment which identifies
and prioritises five predefined GIWA concerns based on the magnitude
of their impacts on the environment and societies in the region; (iii) a
causal chain analysis to identify the root causes of these problems; and
(iv) the analysis of policy options that address these root causes in order

to reverse negative trends in the aquatic environment.

The Gulf of California, GIWA region 27 has its limits to the north of the
Pacific and extends to the southeast of the Pacific, and comprises a
portion of the American Southwest and Mexico's Northwest. The
region includes land surrounding the river systems that feed the Gulf
of California, also known as Sea of Cortez. The largest of them is the
Colorado River Basin, whichiis almost entirely located in the United States,
while the oceanic component of the region (Upper Gulf of California)
and small tributaries (e.g. San Pedro and partly Santa Cruz rivers) are in
Mexico. Within the GIWA Gulf of California region, the Colorado River
Basin is the system with the most prominent transboundary character.
The Colorado River Basin is of great significance considering that the
River supplies more water for consumptive use than any other river
in the U.S and supports not only a booming economy but also a vast
number of terrestrial and marine species. Therefore, the analysis in this

report has been focused on the Colorado River Basin.

From an environmental point of view the Colorado River Delta and
Upper Gulf of California is of great importance to the region, and
correspondingly was declared an International Biosphere Reserve in
1993. Today the delta consists of 60 000 ha of wetlands and riparian

forests (prior to the construction of dams the delta maintained

780000 ha).

shorebirds travelling along the Pacific Flyway; serve as a breeding

The delta ecosystems are important for migratory

ground for marine species of the Gulf of California; support a number
of endangered species; improve the quality of water that flows in
from various sources and out to the Gulf; deliver a steady flow of
freshwater to near-shore marine (brackish) environments in the Gulf,
improving breeding and nursery grounds for the endangered vaquita;
and produce important vegetation utilised by indigenous peoples.
In addition to these environmental services, the delta has historically
been a source of income for riparian communities, supporting lucrative

fisheries and ecotourism activities.

The Colorado River Basin is extremely dynamic with expanding

economies and increasing industrialisation, especially in the
California and Baja California border regions. The population of the
Basin is growing rapidly and urban areas are sprawling, often in an
uncoordinated manner. Unmanaged growth in the Basin has produced
serious transborder environmental problems and concerns, forexample,
the impact of urban development on the fauna and flora of already
sensitive ecosystems. The principle demand for water in the basin arises
mainly from agriculture; 80 to 90% of all water resources are used to
irrigate agricultural lands. Considering that the region is characterised
mainly by arid and semiarid zones, the problem of freshwater shortage

is accentuated in the Lower Basin.

The assessment focused on the Colorado River Basin and the Upper
Gulf of California and was conducted based on the five GIWA concerns.
The assessment conducted through a participatory process and based
on concepts and criteria developed by the GIWA Task team, ranked the
concerns in the following order:

1. Freshwater shortage

2. Pollution

3. Habitat and community modification

EXECUTIVE SUMMARY



4. Unsustainable exploitation of fish and other living resources

5. Global change

Freshwater shortage was the most significant GIWA concern for the
region. The modification of stream flow by dams, the canalisation of
riverbeds, and the alteration of riparian zones by agricultural activities in
the Colorado River Basin have resulted in major environmental changes
causing loss of fish, wildlife, and native flora, particularly in the Colorado
River Delta region. The main impacts on the hydrological cycle include
changes in the seasonal hydrology, water temperature and sediment
loads of the Lower Colorado River. In the absence of sufficient sediment
discharges, the deltaic basin has transformed from an estuarine setting

to a hypersaline, anti-estuarine and erosive one.

Since the construction of major dams along the Colorado River, the
Deltais sustained only by flood flows and, during dry years, groundwater
seepage, agricultural drainage water and tidewater are its only sources.
Presently, the economic impacts of freshwater shortage are largely
associated with silt accretion and salinisation of agricultural lands,
which today account in the U.S. for approximately 700 million USD per
year. Programmed reductions of water to California, the rising costs of
water treatment, and the high cost of restoring degraded water sources
are prominent socio-economic issues that could potentially initiate

conflicts over freshwater resources in forthcoming years.

Pollution of water resources in the Colorado River was considered
a major concern affecting the ecology and population, since heavy
metals, arsenic, lead pesticides, uranium, and other toxins have all
been found in excessive levels in the soils and waters resources of
the Basin. Salinity is considered as a significant and continuous issue,
historically affecting U.S.-Mexico relations since the early 1940s. Stream
flow modification has resulted in increased cases of water pollution by
salts and selenium, which occur naturally in the Colorado River. The
reduction of freshwater flows has diminished the dilution capacity of
the region’s water bodies, consequently increasing water pollution in
the Lower Colorado River. Economic impacts associated with pollution
were assessed as moderate, particularly due to increases in water
treatment costs. There is also considerable evidence of impacts on
health from chemical pollution, especially from contamination of the

regions aquifers.

The construction and operation of dams has modified riparian habitats
and changed seasonal flow patterns. As a result, large extensions of
riparian habitat, wetlands and marshes have declined drastically. The
reduction in native forest vegetation has led to a decline in the value of

riparian habitats for native species. In the U.S,, as in Mexico, increases in

riverbank salinity and other alterations to riparian zones have favoured
the establishment of invasive, salt tolerant species (e.g. Tamarix

ramosissima), occupying great extensions of modified habitat.

Various forms of human activity (shrimp trawls, pollution and freshwater
shortage) are modifying the ecosystems of the Upper Gulf of California,
which ultimately affect local fisheries. The semi-enclosed nature of the
Upper Gulf serves to magnify the impact of these activities. By-catches
and discards, as well as habitat destruction by trawling nets, have been
important factors in altering these ecosystems, although studies have
demonstrated that overexploitation and the reduction of freshwater
flows to the Upper Gulf have been the main reasons for the commercial

collapse of some fisheries.

The causal chain analysis addressed the following problem: too little
water is being allocated for ecosystem maintenance or restoration in
the Colorado River Delta. The immediate causes of freshwater shortage
in the Colorado River Delta were primarily associated with increased

diversion, reduced peak flows and changes in return flows.

The most important sectors responsible for these immediate causes

are:
B Agriculture;

@ Urbanisation;

B Industry;

B Energy production.

The root causes focused primarily on the agricultural sector, since from
a historic point of view many of the changes made throughout the 19

century were influenced by agriculture, both in the U.S. and Mexico .

Some of the root causes behind these immediate causes were identified

as:

B Demographic: Migration policies and incentives carried out during
the 1940s in the U.S. Western states and Mexico.

B Technological: Increased development in irrigation technology
throughout the Colorado River Basin.

B Economic: The existence of historical subsidies and the lack of
economic valuation of water resources.

B Legal: Inappropriate legal framework to adequately manage water

use, due to a lack of effective legal instruments.

[tis proposed that the following options could secure freshwater resources
for the Colorado River Delta in the short, medium and long-term:
B Lease water rightsin the Mexicaliand San Luis Rio Colorado Valleys

and transfer associated water to the delta ecosystem;
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E Convert electricity subsidies for Mexican farmers to cash subsidies,
and eliminate price subsidies to municipal water users in Mexico as
preliminary measures to ensure at least minimal flows of freshwater
reach the delta;

B Increase the efficiencies of water use in Mexico through market
mechanisms, thereby “freeing up” water potentially available for
the delta;

E Amendment of a Minute to the 1944 Water Treaty to specifically

stipulate water deliveries for the delta.

Presently the Colorado River Delta and the Upper Gulf ecosystem only
receive flows of freshwater whenever a surplus of water exists in the
River in excess of the amount of water necessary to supply the U.S. base
flows and periodic flows should be consistent to the delta despite the
1944 Treaty stipulations, due to the river ecosystem survival does not

depend on treaties or political factors.

In order to implement effective conservation programme more water
flowing directly into the delta is needed. Economic and technical
support from the U.S. will however be necessary, and realistically, the
Lower Colorado River Basin states will probably not agree to allow more
water to reach Mexico. Therefore the preservation of the Colorado River
Delta ecosystem will remain a complex task. To maintain sufficient
stream flows in the River, the alignment of numerous institutions,
agreements, and organisations will be required. As a transboundary
representative, the International Boundary and Water Commission
(IBWQ) still remains as the most eligible institution to achieve this goal
in the long-term, although it remains cautious in its jurisdiction over
environmental problems relating to the Colorado River Delta; therefore
the criticism of the way it operates and manages problems concerning

to the environment.
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Regional definition

Arias, E., Albar, M., Parra, I. and M. Reza

This section describes the boundaries and the main physical and
socio-economic characteristics of the region in order to define the
area considered in the regional GIWA assessment and to provide
sufficient background information to establish the context within

which the assessment was conducted.
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Figure 1

Boundaries of the region

The Gulf of California region

The Gulf of California GIWA region 27, has limits to the north of the
Pacific and extends to the southeast of the Pacific, and comprises
territories in the American Southwest and northwestern Mexico. In the
United States itincludes the states of Utah, Wyoming, Colorado, Nevada,
New Mexico, California and Arizona, meanwhile in Mexico, it contains
the states of Baja California, Baja California Sur, Sonora, Sinaloa, Nayarit
and partly Chihuahua, and Durango (see Figure 1).

The Gulf of California region is situated between GIWA region 2 Gulf of
Mexico, 26 California Current and 65 Eastern Equatorial Pacific, and differs
from them in terms of water temperature: in the North Pacific the upper
ocean layers are much colder, with large-scale monthly mean ocean
temperatures remaining below 21°C throughout the year and in the

southeast with temperatures averaging above 30°C (Talley et al. 1998).

The oceanic component of the region is exclusively the Gulf of California,
also known as the Sea of Cortez. The Gulf of California opens into the
Pacific at its southern end and is long and narrow (1 500 km long and
175 km wide). There are approximately 100 islands within the Gulf, each
with its own differentiating characteristics. The Gulf of California is one
of the youngest ocean bodies and was formed by the separation of the

North American Plate and the Pacific Plate by tectonic movement.

There are four hydrological units in the region considered as
transboundary waters; Colorado River, Tijuana River, Santa Cruz River
and San Pedro River (Table 1). Despite these last three drainage basins
having international implications, their importance is essentially
regional and only contributes water to small cities with less than
200 000 inhabitants, with the exception of the Tijuana River Basin,

which provides water to over 3 million inhabitants.
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Table 1 International rivers in the Gulf of California region.

. Drainage area | Length .Water I}verage Population

River (km) (km) discharge | discharge served
(km?*/year) (m¥/s)

Colorado 632000 2330 20.1 4900 25000000
Tijuana 4484 500 033 100 3939000
Santa Cruz 1380 360 0.35 1300 199000
San Pedro 1919 240 0.80 2500 152000

(Source: CILA 2000, U.S. Census Bureau 2000, INEGI 2001)
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Figure2 The Colorado River Basin.
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The Colorado River Basin region

The Colorado River and its tributaries flow through the Great Basin,
the Sonoran and the Mojave Deserts, providing the vital lifeline to the
arid American Southwest (Figure 2). The Colorado River is born about
3048 m above sea level in the Rocky Mountains of Colorado and flows
southwest to the Gulf of California in Mexico. It is the international
boundary between the United States and Mexico for 27 km. Before
the construction of a number of dams along its route, it flowed 128 km

through Mexico to the Gulf of California.
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The 2 330 km of its route in the United States makes it the nation’s fifth
longest river. It drains a large portion of the North American continent
covering 632 000 km?in the United States and 5 200 km? in Mexico. The
Colorado River and its tributaries drain southwestern Wyoming and
western Colorado, parts of Utah, Nevada, New Mexico and California,
and almost all of Arizona. Three quarters of the Basin is federal land

devoted to national forests and parks and Indian reservations.

Physical characteristics

Physiography and geology

The terrain of the Colorado River is very unique. It consists of wet upper
slopes, irregular transition plains and hills, deep canyon lands, and dry
lower plains. The wet upper slopes consist of numerous streams that
feed into the Colorado River from stream cut canyons and small flat
floored valleys, often occupied by alpine lakes and adjacent steep
walled mountain peaks. These areas are heavily forested and contain

swiftly flowing streams, rapids, and waterfalls.

The Rocky Mountains of Wyoming and Colorado have altitudes
oscillating between 4 270 and 1 520 m above sea level. Canyons and
plateaus are located in Utah, Colorado, New Mexico, Arizona and
Wyoming, where the elevation varies between 1 830 and 1 220 m,
and finally the lower and upper zone of the Nevada, New Mexico and
California with minor altitudes of 1 220 m above sea level (Gonzélez-
Casillas 1991).

Hydrology

Great quantities of sediment are washed into the rivers and for many
years (since the last glacial period, approximately 140 000 years) have
been deposited in the lower reaches of the Basin forming marginal sand
bars and terraces. These have been accumulating at the river mouth
in the Upper Gulf of California, forming what today is known as the
Colorado River Delta, and constituting the Mexicaliand Imperial Valleys.
The accumulated sediments formed a land elevation, cutting one arm
of ocean in the Gulf and created the old Lake Cahuilla. This ancient
lake, according to botanical studies and geologists, dried up during
the Spanish conquest (16" century). Although, due to the derivation of
return flows from the Imperial Irrigation District and flooding periods
in 1905, the Lake was filled again, forming what today is known as the

Salton Sea.

Principal tributaries to the Colorado River upstream of Glenn Canyon

Dam include the Green, San Juan, Escalante, Gunnison, and Dolores

rivers. Principal tributaries between Glen Canyon and Hoover Dams
include the Paria, Virgin, and Little Colorado Rivers. Downstream from

Hoover Dam are the Bill Williams and Gila rivers.

The two principle reservoirs in the Colorado River are Lake Mead and
Lake Powell, each with a usable capacity greater than 30 km?. Numerous
smaller reservoirs include Flaming Gorge, Mohave, Strawberry Reservoir,
Lake Havasu, Roosevelt Lake, Taylor Park Reservoir, Blue Mesa Reservoir,

McPhee Reservoir, Vallecito Reservoir, and Navajo Reservoir.

Historically, the annual flows of the Colorado River at Lee's Ferry have
exceeded 29.6 km® and have been less than 4.6 km® (USGS 2004a)
(Figure 3). Most of the flow for the Colorado originates in the Upper
Basin, which encompasses some 284 400 km?. About 86% of the annual
run-off originates within only 15% of the area, in the high mountains

of Colorado.

Annual Flow (km3)
v

B LaRue (1925)
Lees Ferry
- = Lake Powell inflow

0 ——————————T T
1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000
Year

Colorado River annual flow.
(Source: USGS 2004a)

Figure 3

By examining river sediments, scientists have determined that on a
number of occasions over the past 4 000 years the River reached peak
flow rates of over 7 080 m*/s (Andrews 1990). The natural flow of the
Colorado followed a distinct seasonal pattern, with more than 70%
occurring in the months of May, June, and July (Harding et al. 1995).
Historically, the floods of May and June peaked at over 2 435 m?/s
(Collier et al. 1996). Since the construction of several major dams that
now regulate the stream flows, peak flows have been significantly
reduced. After the construction of the Glen Canyon Dam (1961), peak
daily discharges at Lee's Ferry average at only 567m?/s in May and
729 m*/sin June (USGS 1996).

The River contains alternating sections of rapids and calm sections. The
depth of the River varies from 1.8 m to 27 m, averaging about 6 m. The
rapids are the shallow sections and the calm sections tend to be the
deepest parts. Some deep holes have also formed at the base or foot of

some of the major rapids. The rapids represent only 10% of the River’s
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Table 2 Sediment delivery for the Colorado River.

. Water Sedimentload | Sedimentyield
Gauging Years of . i 9
: Source discharge | (million tonnes/ (tonnes/km?/
station data
(m?/s) year) year)
Paria River 1947-1976 | Andrews 1991 0.72 2.7 820
Colorado River | 1947-1957 | Andrews 1991 450 59.8 220
atlee'sFerry | 19481962 | USGS* ND 589 ND
1925-1940 | Smithetal. 1960 ND 176 ND
1941-1957 | Andrews 1991 472 719 204
ColoradoRiver | 19411957 | Smithetal.1960 | ND 599 ND
near Grand .
Canyon 19481962 | USGS ND 76.2 ND
1970-1989 | Andrews 1991 ND 9.9 ND
1984-1998 | Webb et al. 2000 ND 28 230

Notes: * Data was obtained from Webb et al. 2000. ND = No Data.
(Source: Webb et al. 2000, Andrews 1991, Smith et al. 1960)

total length through the Grand Canyon, but are responsible for more

than half of the total drop in altitude.

Before construction of the Glen Canyon Dam the River would carry
an average of 176 million tonnes of sediment per year through
the Grand Canyon (Andrews 1990). The sediment load is presently
2.8 million tonnes per year, the numbers vary depending on the source
and year as seenin Table 2. The primary purpose for the construction of
the Glen Canyon Dam was energy generation and to prevent silt from
building up behind Hoover Dam, at the head of Lake Mead, on the other
side of the Grand Canyon.

The water temperature, which used to reach 26.6°C, is now because it
is drawn from deep within Lake Powell, icy-cold all year and averages
at approximately 5.5°C (Carothers & Brown 1991, Schmidt et al. 1998).
The constant temperature of the water released from the cold bottom
of Lake Powell limits the types of plants and aquatic animals that can
survive and reproduce in the water. As a result of changes in water
temperature some native fish, such as the Bonytail (Gila elegans),
Roundtail chub (Gila robusta) and Colorado pikeminnow (Ptychocheilus
lucius), have become extinct, whilst others, for example the Humpback
chub (Gila cypha) and Razorback sucker (Xyrauchen texanus), are
endangered (USBR 2000b).

Aquifers

Mexicali Aquifer

The aquifer, situated in the central part of MexicaliValley, is more than 5 km
thick (Roman & Ramirez 2003). The Mexicali Aquifer is conceptualised in
its first 120 mas an unconfined aquifer, non-homogeneous and isotropic,
over a regular impermeable floor, with horizontal flow in stationary
and transitional regime. Regional flow in the aquifer shows two main
directions. One flows northeast of the Mexicali Valley to the entrance

of the Colorado River, and then moves toward the Gulf of California in a

southwesterly direction. In the other direction, it flows from the northern
border of the crest of the delta, heading southwest to the Cucapah Hills,

then rotates northwest towards the basin of Salton Sea.

Aquifer recharge depends on returning water from irrigation and
infiltration processes back to the Colorado River. In this desert area, rain is
practically non-consistent, and annual precipitation averages 65 mm, and
completely dry years have been known to occur (Dowd 1956 in Roman &

Ramirez 2003). The ratio of precipitation to evaporation is 1 to 40.

Geohydrological studies have estimated that original aquifer recharge
came from the Colorado River infiltration. Today recharge is directly
related to infiltration from irrigation channels, return of irrigation water,
and infiltration from the Colorado River. In the Mexicali Valley, three
fronts of horizontal underground recharge can be identified. The first
one comes from the All American Canal (AAC) infiltration, the second
comes from the Arizona-Sonora border toward the San Luis sandy table,
and the third comes along the bed of the Colorado River on the border

between Arizona and Baja California.

The Colorado River Delta’s depositional process was influenced directly
by the chemical water quality. The Colorado River created an aquifer
with low saline concentrations. Nevertheless, the gradual decrease in
water volume and quality of the recharge has increased the water’s
salt concentration. For that reason, it is possible to find wells with salt

concentrations between 800 and 2 200 ppm.

This geologic formation has characteristically high permeability
because the sandy-textured soils surpass the basic infiltration speed
of 7.6 cm per hour, which is the technically recommended maximum
level for gravity irrigation methods in agricultural uses (Roman 1990 in
Roman & Ramirez 2003). In the dunes area, most of the filtered water
flows underground naturally toward the south and becomes a very

important part of the water recharge of the Mexicali Valley aquifer.

Imperial Valley groundwater basin

The Imperial Valley groundwater basin is located in the southwestern
part of California at the international border with Mexico. The Basin
lies within the southern part of the Colorado Desert hydrologic region,
south of the Salton Sea. The physical groundwater basin extends across
the border into Baja California where it underlies a contiguous part of
the Mexicali Valley (CDPW 1954). Major hydrologic features include the

New and Alamo rivers, which flow toward the Salton Sea.

The Basin has two major aquifers, separated at depth by a semi-

permeable aquitard that averages 18 m thick and reaches a maximum
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thickness of 85 m. The aquifers consist mostly of alluvial deposits of
late Tertiary and Quaternary age. The average thickness of the upper
aquifer is 60 m with a maximum thickness of 137 m. The lower aquifer
averages 115 m thick with a maximum thickness of 457 m. As much as
24 m of fine-grained, low permeability prehistoric lake deposits have
accumulated on the early flat valley floor and cause locally confined

aquifer conditions (Montgomery Watson Inc. 1995).

Recharge is primarily from irrigation return. Other recharge sources
are deep percolation of rainfall and surface run-off, underflow into the
basin, and seepage from unlined canals which traverse the valley (CDPW
1954). Principal areas of recharge from surface run-off are in the east and
west Mesa, where the surface deposits are more permeable than in
the central valley (Loeltz et al. 1975). Another source of groundwater
recharge occurs along the lower reaches of the New River, near Calexico

(Montgomery Watson Inc. 1995).

Groundwater levels remained stable within the majority of the basin
from 1970 to 1990 because of relatively constant recharge and an
extensive network of sub-surface drains (Montgomery Watson Inc.1995).
The total storage capacity for the basin is estimated to be 0.0172 km?
(CDPW 1975). Alarge portion of this groundwater is undesirable because
of high TDS (Total Dissolved Solids) concentrations (Montgomery
Watson Inc. 1995). TDS content ranges from 498 to 7 280 ppm (Loeltz
etal. 1975). Department of Health Services data from five public supply
wells show an average TDS concentration of 712 ppm and a range from
662 to 817 ppm.

The All American Canal

The All American Canal (AAC) originates at a reservoir behind the
Imperial Dam on the Colorado River. The AAC is the main conduit for
delivering water and energy to the region that includes the agricultural
valleys of Coachella and Imperial. The 128 km canal carries two-thirds of
the 6.4 km?*/year of water that California has recently been drawing from
the Colorado River. Besides being the main vein of water supply, the
AAC is important because of the water volume filtered to the aquifers

in the region.

Yuma Valley groundwater basin

Yuma Valley groundwater basin underlies a southeast trending valley in
southeast Imperial County. The elevation of the valley floor ranges from
about 30 m above sea level at the Colorado River near Winterhaven to
about 182 m along the northwest and southwest margins. Low-lying
alluvial drainage divides form boundaries on the northwest and
southwest, and the Colorado River bounds the Basin on the south and

east. Annual average precipitation ranges from about 25 to 76 mm.

Surface drainage is southeast towards the Colorado River (CDPW 1954).
The water-bearing material within the Basin is alluvium, which includes
the unconsolidated younger quaternary alluvial deposits and the
underlying unconsolidated to semi-consolidated older Tertiary to
Quaternary alluvial deposits (CDPW 1954, 1975).

Natural recharge to the basin is derived mainly from sub-surface inflow
from the Ogilby groundwater basin on the west and infiltration of
surface run-off through alluvial deposits at the base of the bordering
mountains. Additional recharge comes from the seepage loss from the
All American Canal and other unlined canals and from the percolation
of irrigation return flows. In the eastern portion of the basin along
the Colorado River, high groundwater levels and fluctuations in the
elevation of the water table are in direct response to various stages
of the River. Groundwater moves southeast and is discharged to the
Colorado River (CDPW 1954, 1985). Groundwater storage capacity is
estimated to be about 5.6 million m? (Loeltz et al. 1975). Natural recharge

is estimated to be 494 m*/year.

Climate

The temperatures in the Colorado River Basin vary from -45°C in the
mountains, to 54°C in the deserts of California and Arizona (Gonzalez-
Casillas 1991). Over 95% of the Colorado River Basin is classified as
arid or semiarid. The medium annual temperature is 22.5°C with an
extreme warm period, that lasts from June to September with medium
temperatures of over 30°C. July is the hottest month with an average
temperature of 32.3°C and a maximum average of 41.8°C; January is
generally the coldest month with an average of 12°C. The annual
average precipitation varies spatially, from 63.5 mmto 1 524 mm in the
mountains in the form of rain or snow (USGS 1996). The annual average
precipitation in the U.S. portion of the Basin is of 762 mm; of which
560 mm are evapotranspirated directly to the atmosphere and the rest

forms part of the surface and groundwater flow (USGS 1996).

Marine part of the region - the Upper Gulf of
California

The Upper Gulf of California is the shallow, northernmost part of the Gulf
of California, also known as Sea of Cortez. It has unique oceanographic
characteristics because its long axis and the Baja California Peninsula
limit moderating influences from the Pacific Ocean circulation. Strong
winds, tidal action and upwelling characterise the Gulf. It has mixed
semi-diurnal tides and one of the greatest tidal ranges on earth.
Maximum registered spring tidal range at San Felipe is 6.95 m (Gutierrez
& Gonzélez 1999), with even larger amplitudes at the entrance to the
delta. Depthis less than 30 m, with shallower waters at the Baja California

side than at the Sonora side. The northern Gulf of California has three
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main natural fertilisation mechanisms: wind-induced upwelling, tidal

mixing and thermohaline circulation.

East of the Gulf of California is an important mountain range called
the Sierra Madre Occidental which gives origin to important rivers in
the Mexican portion of the region. The Sierra Madre Occidental enters
through the state of Sonora and crosses the states of Sinaloa and
Nayarit, ending in the state of Jalisco in Mexico. This mountain range has
an average height of 2 100 m. A large proportion of these rivers flow into

to the Gulf of California (Yaqui, Mayo, Fuerte, Sinaloa and Culiacan).

The only riverin the Upper Gulf of California is the Colorado. The fluvial
channel of the Colorado River widens, forming a 50 km long estuarine
basin. For most of the rivers length it is 2-8 km wide and widens to
16 km wide at its mouth. High turbidity levels are a permanent feature
of the Upper Gulf due to the constant re-suspension of Colorado silt
(Alvarez-Borrego et al. 1975). However the amount of suspended
sediment in this area varies geographically, seasonally, and during
tiding cycles. Due to sediment re-suspension, the water in the estuary

is brownish in appearance.

In the absence of freshwater flows from the Colorado River, the delta
is an inverse or negative estuary, in which salinity levels are higher
in the north (39%o) than in the south (35.5%o) (Alvarez-Borrego et al.
1975). However, in years of very high precipitation and/or abnormal
snowmelts in the upper river basin salinity is then lower in the north
(32%o0) than in the south (35.4%o) (Lavin & Sdnchez 1999).

Despite the ecological impact caused by the construction of dams, life
inthe estuary isabundant, even during the long periods without surface
freshwater input. The Gulf of California has one of the most diverse
biological communities in the world constituted by 4 852 species of
invertebrates (excluding copepods and ostracods), 767 endemic to
the Gulf, 891 species of fish (88 endemic to the Gulf), and 222 species
of non-fish vertebrates (4 endemic to the Gulf) (Findley et al. 2001).
The American Fisheries Society’s official list of marine fish at risk of
extinction notes 6 species from the Gulf of California (4 endemic); all
are large serranids and sciaenids, sensitive to overharvesting because
of late maturity and the formation of localised spawning aggregations
(Musick et al. 2000).

Soils and land use

Over 56% of the land area in the Colorado River drainage basin is owned
and managed by federal government agencies, 8.5% is state owned
land and an additional 16.5% is occupied by Indian reserves. Three

quarters of the 56% federal owned land is devoted to national forests

and parks and Indian reservations. Approximately 19% of the watershed

is privately owned. 2% of the Basin is in Mexico.

Approximately 80% of the river supply is used for agriculture. Of the
0.2 million ha irrigated in the upper basin, feed for livestock is raised on
88% of the irrigated land. In the lower basin states, California, Arizona,
and Nevada, 85% of water is utilised for agricultural purposes, with a
significant but slightly less percentage going to grow feed for livestock.
Of the 45 million ha in the lower basin, 27 million ha are rangeland or

pasture, while only 202 350 ha are classified as urban (Brown 1995).

The largest user of agricultural water is the Imperial Irrigation District (1ID)
in southern California, which alone accounts for approximately 3.5 km?
annually (1964-1996 average), or almost 20% of the River's average
annual flow (Pontius 1997). Other major agricultural users include Palo
Verde Irrigation District, the Coachella Valley Water District, and the

Mexicali and San Luis Rio Colorado Irrigation Districts (Table 3).

There are roughly 45 million ha of irrigated cropland and 22 million ha
of dry cropland in the Basin. This land use is expected to decline as
residential and commercial development, associated with population
growth, increases over the next 20 years. Grazing is a significant form
of land use in the drainage basin (see Table 4). The number of animal
unit months (AUM) is a measure of the consumed forage for a 362 kg
grazing animal over a 1-month period. As of the midd-1990s, there were

estimated almost 10 million AUMs in the Basin.

Table 3 Annual water applied for irrigation in the Colorado
River Delta region’s major irrigation districts.
Colorado surface water Groundwater
S (million m?) (million m?)
Non-flood iy Non-flood Eeel e
year year

Arizona
North Gila Irrigation District 55.5 53 - -
Yuma Irrigation District 67.8 65 133 133
Yuma Valley Irrigation District 308.3 298 323 36
Otherirrigators 66.1 70 - -
Arizona total 497 486 45.6 49.3
California
Coachella Valley Water District 340 34 79.8 80
Yuma Project, Reservation Division 101 95 26.1 30.2
Imperial Irrigation District 3180 3070 - -
California total 3620 3510 106 10
Mexico
District 014 1670 2250 949 77
Total Colorado River Delta region 5790 6240 1100 937

(Source: CNA unpublished data, USBR 1996)
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Table 4  Livestock grazing on public lands.
Total estimated
S el I o Bl v
(USD/year)

Arizona 4537000 681000 54501000 1342000
California 3161000 380000 30384000 748000
Colorado 3128000 800000 64032000 1474000
Nevada 18955000 2736000 218856000 5389000
New Mexico 5063000 1911000 152866000 3764000
Utah 8934000 1331000 106 483 000 2622000
Wyoming 7041000 2010000 160768 000 3959000
Mexicali 59000 76000 50000 ND
Total 50878000 9925000 787940000 19298000

Note: 'Animal Unit Months (AUM) is a measure of the consumed forage for a 362 kg grazing
animal over a 1-month period. (Source: Holechek 1993, INEGI 1992, based on U.S. Dept. of the
Interior 1990 land- and AUM statistics, and Torell and Doll’s economic evaluations)

Socio-economic characteristics

The Colorado River Basin and Upper Gulf of California contribute to
the local economies of the area and enhance the quality of life for the
inhabitants. The Colorado River provides a valuable habitat for fish and
wildlife, and supports one of the leading trade centres on the West
Coast. There are increasing human population pressures in the Basin,
especially in southern California. In the Gulf, an increase in the demand
for oil, gas, and mineral resources has stimulated an exploration of the

non-living resources of the Exclusive Economic Zone.

Population
The population increased in the Colorado River Basin by 45% between
1970 and 1980, according to the U.S. Bureau of the Census (USCB 1996).

The population in 2000 surrounding the Colorado River Basin was
approximately 62.8 million (USCB 2000, INEGI 2001). The United States
has the majority of this total population with 49.8 million (79%). The
states that comprise the Colorado River Basin have high population
densities: the U.S. part has an average population density of about
30 per km? whereas in the Mexican part the average population
density is 22 per km?2 During the last two decades urban centres have
become increasingly crowded; in 2000, the U.S. population was 77%
urban and 23% rural, and Mexico 75% urban and 25% rural (USCB 2000,
INEGI 2001). Three of the 30 urban centres are cities with more than
4 million inhabitants, and 11 are cities with over 300 000 inhabitants.
The rural migration to urban areas in the Mexican portion has created
huge marginal areas on the outskirts of the cities without infrastructure

and zoning service. The states in the American Southwest have the

highest percentage of persons of Hispanic/Latino origin (Arizona 25.3%,
California 32.4% and New Mexico with 42.1%) (USCB 2000, INEGI 2001).

The western states within the Basin in the United States (Nevada, Utah,
Arizona, New Mexico, Wyoming and Colorado) are considered the
fastest growing states in the country, with a 20% population increase
between 1990 and 2000 (U.S. Census Bureau 2000). Nevada has been
the fastest growing state in the nation (10.64%) for the past several
years. Population growth in rural areas has been far less dramatic, and

in some areas has shown a decline.

Concerning population densities, the northern states of the
Mexican portion surrounding the River Basin are not very dissimilar
to those states of the U.S. For example, the states of Baja California,
Chihuahua, Sonora and Sinaloa each have a population of over
2 million inhabitants (INEGI 2003). Problems such as overcrowding,
health hazards, pollution, poor housing and unsanitary conditions, that
affect the population’s quality of life, are magnifying both poverty and
socio-economic gaps. The increase in marginal urban settlements is a
consequence of an unsustainable development applied model that
limits new opportunities for rural inhabitants and is the origin of major
environmental problems, especially in the U.S.-Mexico border region.
Approximately 84.1% of the states of the Colorado River Basin had
access to drinking water services in 1999. In the same year 78% of the
Basin's population had access to sanitation and waste disposal services
(U.S. Census Bureau 2000, INEGI 2001).

Socio-economic development is greater in the U.S. states than in
Mexico (Peach & Williams 2003). Regarding the percentage of the
population living below the national poverty line, the Colorado River
Basin countries have a large disparity: U.S. 12.7% (1999) and Mexico 27%
(1998) (Bishaw & Iceland 1999, INEGI 1999b). Most of the households
living in poverty in the Basin were in rural areas. The infant mortality
rate for the Basin countries is an average of 7 per 1 000; in the U.S it
is 6.76 per 1000, and for Mexico 25.36 per 1 000 (USCB 2000, INEGI
2001). The literacy rates (age 15 and over) are in U.S. 97% and in Mexico
89.6%.

Economy

Although the industrial sector largely contributes to Gross State Product,
agriculture in the southwestern states (Wyoming with 2.4%, New
Mexico 1.9%, California 1.8% and Arizona 1.4%) is a major contributor
to the Colorado River Basin economy (Beemiller & Woodruff IIl 2000).
The agricultural sector has a major economic importance at national,
regional and international levels. Although agriculture, cattle and the

fisheries are now the main exportation activities of the entire Basin, the
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Table 5

Gross domestic product by sector in United States and

Mexico 1999.
Sector United States Mexico
(% of GDP) (% of GDP)
Agriculture 2 5
Industry 18 27
Services 80 68

(Source: Beemiller & Woodruff Il 2000, INEGI 2000a)

Table 6 Change in real gross state product by sector in the
Colorado River Basin 1999-2000.
e | o | g | g | s
fishing (%)

Arizona 19 -6.4 14.4 6.4
New Mexico 1.2 -127 255 33
Colorado 0.4 -15.5 51 9.6
Utah 6.9 -6.6 6.4 5.6
Wyoming 23 -9.5 89 3.2
California 6.3 -11.0 10.1 9.5
Nevada 103 7.0 71 44
Baja California -1.0 -0.5 -0.1 0.3
Sonora -4.8 -9.4 22 0.1

(Source: Panek & Downey 2002, INEGI 2000a,b)

timber and mining industry continues to play an important role in the
Basin economy through domestic and international exportation. Finally,
tourism, though not easily identifiable as a separate economic sector, is
an important economic activity in the Basin. Both the U.S. and Mexican

economies are shifting to services (Table 5).

Maquiladora (industries)-related development is occurring within the
states of Arizona and New Mexico, especially in the southern part of the
states. The rapid growth of the industry south of the border is due to
the close proximity to the Mexican border. The contribution of Arizona
and New Mexico's industrial activities has become a key element for the

regions economy (Table 6).

The economic development in the Mexican portion of the Colorado
River Basin is distinctively agricultural and industrial. Tijuana, Mexicali
and San Luis R.C. constitute the urban use of the Colorado River
waters. Agriculture once the economic stronghold in Mexicali and San
Luis represents a decreasing share of the state’s total output. Mexical,
Tijuana and San Luis Rio Colorado all have experienced a dramatic
growth in the industrial sector, although in 2001 the manufacturing
industry experienced a declivity in the physical production volume.
The value of the agricultural output in Wyoming annually approaches

or exceeds 1 billion USD with cash income. The cattle industry is by far

the largest component of Wyoming's agriculture, accounting for over
70% of all cash receipts. Cattle also led the way in 2001 in terms of value

production at 545 million USD.

Since mid-1999 there has been some growth in industrial production
in both countries. However, regional output grew at a very slow pace
(0.5%) in 2001 (Panek & Downey 2002). This situation was directly linked
to the global economic crisis and the events of September 11t 2001,
which has affected the Basin primarily through a disruption of trade
links in the midst of unstable world financial markets. However, given
the scope of these adverse external factors the Basin's economies have

succeeded in averting serious domestic or external disequilibria.

The U.S. states in the years 1994-2000 witnessed solid increases in real
output, low inflation rates, and a drop in unemployment to below
5% (Beemiller et al. 2000) Long-term problems include inadequate
investment in economic infrastructure, rapidly rising medical costs of
an aging population, sizable trade deficits, and stagnation of family
income in the lower economic groups. On the other hand, the existing
economic situation for the Mexican states has been less positive. Mexico
has a free market economy with a mixture of modern and outmoded
industry and agriculture, increasingly dominated by the private sector.
Private consumption became the leading driver of growth in 2000,
accompanied by increased employment and higher real wages.
Mexico still needs to overcome many structural problems as it strives to
modernise its economy and raise living standards. Income distribution
is very unequal, with the top 20% of income earners accounting for

55% of income.

California the seventh largest economy in the world is by far the largest
exporting state in the River Basin, generating some 107 billion USD
per year in exports. The state by itself receives more foreign direct
investment than any other state of the Basin. It also tops the tourism and
travel category, with 68 billion USD in sales in 1999. California has been
the number one food and agricultural producer in the Basin. California’s
agricultural output is nearly 25 billion USD per year and produces over

350 different crops.

Colorado has the second largest economy in the Basin. Its economy is
not dependent on any single sector, but has a strong base of diverse
businesses especially in high-tech durable goods and traditional
industries. In 2001, Colorado ranked fifth in the nation for venture capital
investment, with 1.5 billion USD invested in 111 Colorado companies.
Nevada’s primary source of investment is in the casino and tourism
industry, although agriculture provides a cornerstone to the economies

of many of Nevada’s rural communities.
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Border region towns have experienced an average annual population
growth of 38% per year over the last 5 years (Ganster 1996), largely
associated with the maquiladora industries and trade with the U.S.
The largest are Tijuana and Mexicali in Baja California, but there has
also been rapid growth in a number of smaller border towns in B.C.

(Ensenada) and Nogales (Sonora).

Tijuana and Los Angeles are located outside the Colorado River Basin
but are still important water users of the Colorado River Basin due to
basin transfers. There are 183 maquila plants operating in Mexicali,
which puts Mexicali as the second most important city with direct
capital investment in the Mexican portion of the River. Regardless
of the economic growth in the maquila industry, the agricultural
sector represents an important income to the rural areas of the
Colorado River and provides employment for thousands of workers

(Braceros).

Water resources

The primary source of water supply in the Colorado River Basin states
comes from the Colorado River. Groundwater is also an important
resource, accounting in some states (e.g. Arizona, California, Baja
California and San Luis) for up to 37% of total water use. As the West's
population and need for water have grown, the Colorado River has been
tapped through a system of dams and diversions that begin close to
its source in the mountains of Colorado and Wyoming (Table 7). More
than 60 major diversions carry water away from the River for agriculture

and other uses.

The majority of water diverted at Morelos Dam in Mexico is used by the
irrigation districts in the Mexicali Valley. In total, including groundwater
(the second main source of water in the region), there is about 2 740 km?
of water available to the region annually. Groundwater about 197 km?
annually, is used in the San Luis Region (23 million) and for urban areas
like San Luis Rio Colorado, Mexicali (82 million), Tecate 3.3 million),
Ensenada (9 million) and Tijuana (80 million). Agriculture also uses
groundwater (@about 500 km?* annually), 200 million km? of which are
for private use (CNA 2000b).

Due to conflicts between agricultural and urban uses, industries prefer
establishing themselves in places where groundwater sources are
available for their use, causing investment losses to cities like San Luis
Rio Colorado (Cambio 2004), where ground water resources are scarce.
The urban region of the Colorado River Delta includes seven cities in
the Imperial Valley, and Mexicali and San Luis Valley, which are located
193 km east of San Diego. The region has 1.2 million inhabitants and

nearly more than 0.5 million ha of agricultural land. Of California’s total

Table7  Water resources and dams in the Colorado River Basin.

Upper Colorad: Lower Colorad: Total

Total area (km?) 290364 360346 650710

Total number of dams 4 19 23

Total storage (km?®) 57168 59644 116812

Total annual run-off (km?) 18574 23406 41980

Population 714000 5318000 6032000

Area/Dam (km?) 248 810

Storage/Area (km*/km?) 1.072 0.429

Storage/Run-off (m*/s) 3.08 2.55

The year storage>Run-off 1950 1936

Persons/Dam 613 11924

Storage/Person (km?’) 0.08007 0.01122

(Source: USFWS 2002)

water volume of 6.4 km? per year, some 3.7 km?*/year is now applied to
farmland in the Imperial Valley. Imperial Valley agricultural activities total

more than 1.4 billion USD every year.

As a partial solution to the reduction of California’s water volume, the
U.S. government is seeking to line the nearby All American Canal to
reduce seepage into the U.S. and the Mexicali aquifers. The U.S.loss is an
estimate of 100 million m? per year of water, from which 80% infiltrates
into Mexican territory (Mexicali Valley) (CNA 2000b).

There are more than 1.5 million ha of irrigated land (including Mexico)
throughout the Colorado River Basin that produce about 15% of the
nation’s crops, 13% of its livestock, and agricultural benefits of more

than 1.5 billion USD per year in the United States.

While irrigated agriculture tops the list of Colorado River water
uses (Table 8) in the United States and Mexico, the second largest
consumption of water is evaporation from reservoirs. Diversions out
of the Colorado Basin, such as water piped through the California
Aqueduct to Los Angeles, San Diego and Tijuana are the third largest
draw, and are followed by municipal and industrial uses. Hydroelectric
plants along the Colorado River generate about 16 960 GWh of
electricity annually (Solley et al. 1998). Due to various economic factors
such as urbanisation, past federal set-aside programmes and increasing
energy and water costs, agricultural water use has declined in the U.S.
Probably the single mostimportant contributing factor in this decrease

is a reduction in planted hectares.
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Table 8 Water withdrawals and uses in the Colorado River Basin.

Surface water withdrawals Surface water uses

n Y] N . e Thermal

Region Publicsupply | Irrigation Livestock Industrial Mining . - Thermal
(million m*/ (million m?/ (million m?/ (million m?/ (million m?/ (m'i,lzmerrrﬁ / Total Po:et:'lvaet;on Area '(:a'?atm power Hyd(rGw:)w er
year) year) year) year) year) (GWh)
year)

Upper Colorado 146 9660 69 55 4.8 200 146 407000 1813300 94000 7220
Lower Colorado 964 5800 9.4 7.6 36 2 964 2510000 1157000 62400 9740
Total 1110 15470 784 131 40.8 223 2917000 2970300 156 400 16960

(Source: Solley et al. 1998)

Legal framework

United States

In the United States, water allocation is controlled by state law, with the
western and southern states generally relying on prior appropriation
systems for surface water allocations, and the northern and eastern
states relying mainly on riparian rights systems. Groundwater allocation,
which is also under state jurisdiction, is often managed separately from
surface water - a perpetual problem in water resources management,
given the pervasive interactions between groundwater and surface

water.

The federal Environmental Protection Agency implements laws to
protect the environment, including water quality and aquatic habitat,
for which many states have assumed administrative responsibility.
Through the U.S. Bureau of Reclamation and the U.S. Army Corps of
Engineers, the federal government has participated in the development

of large water projects.

Mexico

In recent years, the government has shifted toward decentralisation
of federal water management, particularly in the area of sewage and
water infrastructure. The 1992 National Waters Act, administered by
the National Water Commission (Comision Nacional del Agua, CNA),
is the main institutional framework for water management in Mexico.
CNA, whose responsibilities are primarily operational, oversees the
development and use of Mexico's water resources. Since its creation
in 1989, CNA has sought to reduce the level of federal centralisation
in water resources management by conceding more operational

functions to states, municipalities and private firms.

The Department of Environment and Natural Resources (Secretaria del
Medio Ambiente y Recursos Naturales, SEMARNAT) is directly charged
with implementing federal environmental laws. By law, SEMARNAT is
the leading agency responsible for protecting water quality, which it
does by setting standards and enforcing compliance with regulatory
requirements. Its authority in this area, however, is largely administrative

rather than operational. Most operational functions (for example,

ownership and management of waste treatment facilities), inspections
and monitoring are carried out by CNA and other federal, state and

municipal entities.

According to Mexican National Water Law and its regulations, river basin
councils (Consejos de Cuenca) coordinate federal, state, and municipal
dependencies and entities, and negotiate with water users. Their main
objectives include the formulation and execution of programmes and
actions to improve regional water management, support of hydraulic
works development and related services, and the preservation of river

basin resources.

In modern water management, river basin councils play a basic
role since they are plural, open forums where existing problems are
ventilated, and actions to be carried out are agreed upon for the benefit
of river basins and their population, according to a previously accepted

water agenda or, conveniently, an orthodox master water plan.

Interstate commissions administer water
compact agreements between state
governments

Apportionment of water from the Colorado River within the United
States and Mexico is governed by a series of agreements constituting
the “Law of the River”. The Law of the River is the legal and institutional
framework for managing the River and defining the states and individual

entitlement holders’ rights and obligations (see Annex Il and IV).

The Colorado River Compact of 1922

Seven western states (Arizona, California, Colorado, Nevada, New
Mexico, Utah, and Wyoming) and Mexico have interests in the Colorado
River Basin. Each state is party to the Colorado River Compact entered

into Santa Fe, New Mexico, on November 24, 1922.

The Colorado River Compact divided the Colorado River Basin into
the Upper Basin and the Lower Basin. The division point is Lee’s Ferry,
Arizona, a point in the main stem of the Colorado River about 48 river-

km south of the Utah-Arizona boundary. The Upper Basin includes
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those parts of the states of Arizona, Colorado, New Mexico, Utah,
and Wyoming within and from which waters naturally drain into the
Colorado River system above Lee’s Ferry, and all parts of these states
that are not part of the River's drainage system but may benefit from
water diverted from the system above Lee's Ferry. The Lower Basin
includes those parts of the states of Arizona, California, Nevada, New
Mexico, and Utah within and from which waters naturally drain into the
Colorado River system below Lee's Ferry, and all parts of these states
that are not part of the River's drainage system but may benefit from

water diverted from the system below Lee’s Ferry.

The Colorado River Compact apportioned to each basin the exclusive,
beneficial consumptive use of 9.251 km? of water per year from the
Colorado River system in perpetuity. In addition, the Compact gave the
Lower Basin the right to increase its annual beneficial consumptive use
of such water by 1.233 km? (Table 9.

The Water Utilization Treaty of 1944

The 1944 Treaty Relating to the Utilization of Waters of the Colorado
and Tijuana Rivers and of the Rio Grande, also known as the 1944
Water Utilizations Treaty (IBWC 1944), is considered the centrepiece of
the U.S.-Mexico legal framework for managing transboundary waters.
[t established the bi-national International Boundary Water Commission
(IBWC), which has many responsibilities including oversight of
transboundary water allocation (as established in the 1944 Treaty and
subsequent agreements), management of reclamation works, and

development of joint sewage and sanitation facilities.

The Treaty guarantees Mexico 1.85 km? of Colorado River water annually,
equivalent to roughly 10% of the average annual flow, but was silent on
the quality of water to be delivered. As a result, serious problems have
arisen, the most important of which is the increased salinity caused by
upstream irrigation. This problem was addressed in 1973 by Minute 242

to the 1944 treaty, but it continues to be a concern for Mexico.

The 1944 Water Utilization Treaty has permitted IBWC's administration
role to evolve in response to emerging needs and circumstances. The
commission has assumed responsibility for addressing the persistent
problem of high salinity in waters flowing from the United States to
Mexico, particularly the Colorado River. “In the event of extraordinary
drought or serious accident to the irrigation system in the United States,
thereby making it difficult for the United States to deliver the guaranteed
quantity of 1500 000 acre-feet (1 850 234 000 cubic meters) a year, the
water allotted to Mexico under subparagraph (a) of Article 10 of the
1944 Mexican Water Treaty will be reduced in the same proportion as

consumptive uses in the United States are reduced” (IBWC 1944).

Table 9 Water allocations in the Colorado River Basin.

Apportionment
Entity (klyear) (million acre- | Authority
Y feet/year)
1922 Colorado River Compact. (The Upper Basin has the
right to use 9.251 km?only if that quantity is available after
Upper Basin 9.251 75 it has satisfied its delivery requirements of 9.251 km*/year
to Lower Basin plus the amount required to satisfy the
Mexican Treaty obligation.)
Arizona 0.06 0.05 1948 Upper Colorado River Compact.
1948 Upper Colorado River Basin Compact. (Colorado is
Colorado 476 3.85 apportioned 51.75% of the remaining flows after the Upper
Basin’s delivery requirements have been met.)
1948 Upper Colorado River Compact (New Mexico is
New Mexico 1.03 0.84 apportioned 11.25% of the remaining flows after the
Upper Basin’s delivery requirements have been met.)
1948 Upper Colorado River Compact (Utah is apportioned
Utah 210 171 23% of the remaining flows after the Upper Basin’s
delivery requirements have been met.)
1948 Upper Colorado River Compact (Wyoming is
Wyoming 1.28 1.04 apportioned 14% of the remaining flows after the Upper
Basin’s delivery requirements have been met.)
Lower Basin 9.25 8.5 1922 Colorado River Compact.
Arizona 3.45 28 1963 U.S. Supreme Court decision Arizona vs. California.
California 5.43 44 1963 U.S. Supreme Court decision Arizona vs. California.
Nevada 0.37 0.3 1963 U.S. Supreme Court decision Arizona vs. California.
Mexico 1.85 1.0 1944 Mexican Water Treaty.
Additional 1.20 1.5 Article I1 (b) of 1922 Colorado River Compact.

(Source: Pontius 1997)

The Upper Colorado River Basin Compact of 1948

On October 11, 1948, the Upper Basin states entered into the Upper
Colorado River Basin Compact, which apportioned use of the Upper
Basin waters among them. The compact permits Arizona to use
0.061 km?* of water annually from the Upper Colorado River system,
and apportioned the remaining water to the Upper Basin states in the
following percentages: Colorado 51.75%, New Mexico 11.25%, Utah
23%, and Wyoming 14% (Table 9).

The U.S. Supreme Court Decision Arizona vs. California of 1963

The Lower Basin states of Arizona, California, and Nevada were not
able to reach agreement. In 1952, Arizona filed suit in the United States
Supreme Court to determine how the waters of the Lower Basin should
be divided. In October 1963, the Court ruled that of the first 9.25 km?
of main stem water in the Lower Basin, California is entitled to 5.43 km?,
Arizona 3.45 km?, and Nevada, 0.370 km? (Table 9 and Figure 4). The
United States has contracted with the states of Arizona and Nevada
and with various agencies in Arizona and California for the delivery
of Colorado River water. These contracts make delivery of the water
contingent upon its availability for use in the respective states under the

Colorado River Compact and the Boulder Canyon Project Act.
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Figure 4

For decades, California used approximately 6.63 km?* annually from
the Colorado River. This was allowed because California was the first
state to have a water distribution system. In recent years, however,
three significant events greatly altered California’s favourable position.
First, under the 1963 decision of the U.S. Supreme court, California’s
entitlement was set at 543 km?® annually (Table 9). Second, Arizona is
approaching its full entitlement because of the completion in the late
1980s of the first phase of the massive Central Arizona Water Project.

Third, Nevada reached its allotment in 2000.
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This situation obligated the U.S. Bureau of Reclamation to implement
diverse actions of technical and political character, among them the
Colorado River Interim Criteria strategy. This strategy consists of criteria
under which surplus water volume in the Lower Basin of the Colorado
River could be declared during the next 15-year period (USBR 2000 in
Roman & Ramirez 2003). Interim surplus criteria (ISC) are used annually
to determine the conditions under which U.S. Department of Interior
may declare the availability of “surplus” water for use within the states

of Arizona, California and Nevada.
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The Long Range Operating Criteria (LROC) for the Colorado River
define a normal year as one in which annual pumping and release
from Lake Mead is sufficient to satisfy the 9.20 km? of consumptive use
in accordance with the decree. A surplus year is defined as per year in
which water in quantities greater than normal (9.20 km?) is available for

pumping and release from Lake Mead.

Under Article 10 (b) Mexico may schedule up to an additional 0.246 km?
when a surplus of water exists in the Colorado River in excess of the
amount necessary to supply the United States. As a result of current
operating experience, particularly during recent years when there has
been an increase in demand for surplus water, the U.S. Department of
Interior has determined that there is a definite need for specific surplus

criteria. The ISC could help implement the specific provisions.

The United States-Mexico Border Environmental Cooperation
Agreement of 1983

Growing concerns about environmental quality in the border region
have fostered the creation of several recent bi-national institutions
with responsibilities for transboundary water management. The
United States-Mexico Border Environmental Cooperation Agreement
(the La Paz Agreement) of 1983 established a process to reduce and
prevent various forms of pollution in the border area. Working groups
under the La Paz process have collaborated with IBWC to address
specific problems, such as sewage and the discharges of hazardous

substances into transboundary waters.

The Border Environment Commission

The Border Environment Cooperation Commission (BECC) is a bi-
national commission established in 1994 to address shortcomings
in environmental infrastructure along the U.S.-Mexico border. The
Commission was created at the same time as the North American
Development Bank (NADBank), and both grew out of the North
American Free Trade Agreement (NAFTA). BECC and NADBank
have been particularly active in providing technical assistance to
border communities for water and sanitation projects that meet
strict environmental criteria. Another recent bi-national initiative,
the Integrated Border Environmental Plan, or Border XXI, promotes
intergovernmental cooperation and public involvement in sustainable

development in the border region.
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Table 10  Scoring table for the Colorado River Basin region.

The arrow indicates the likely
direction of future changes.

A Increased impact
=» No changes
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Assessment of GIWA concerns and issues according
to scoring criteria (see Methodology chapter)
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Changes in the water table 2
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Microbiological pollution 1
Eutrophication 1
Chemical I 2
Suspended solids 1
Solid waste 1
Thermal 0
Radionucleid 1
Spills 1
Habitat and community modification [3.0* NI 18 -)L 0 -)I 16 -)m 3
Loss of ecosystems 3
Modification of ecosystems 3

29*N| 14 -)L 0 -)I 1.6 -)‘ m 4

Unsustainable exploitation of fish

Overexploitation

Excessive by-catch and discards
Destructive fishing practices

Decreased viability of stock

Impact on hiological and genetic diversity
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Global change 0* =¥ o0 -)L 0 -)L 0 -)m 5
Changes in hydrological cycle 0

Sea level change 0

Increased UV-B radiation 0

Changes in ocean €0, source/sink function 0

*  This value represents an average weighted score of the environmental issues associated

to the concern.

** This value represents the overall score including environmental, socio-economic and
likely future impacts.

*** Priority refers to the ranking of GIWA concerns.

This section presents the results of the assessment of the impacts
of each of the five predefined GIWA concerns i.e. Freshwater
shortage, Pollution, Habitat and community modification,
Unsustainable exploitation of fish and other living resources,
Global change, and their constituent issues and the priorities
identified during this process. The evaluation of severity of each
issue adheres to a set of predefined criteria as provided in the
chapter describing the GIWA methodology. In this section, the
scoring of GIWA concerns and issues is presented in Table 10.

Freshwater shortage

Before 1936 a sizable freshwater flow reached the mouth at the Upper
Gulf of California, which replenished the delta with silt and delivered
nutrients to fish and other marine life. Tides that typically reached 30 m
or more in amplitude extended the tidal estuary 56 km upriver. From
1936 to 1980, the River became a trickle and the delta dried up following
the impoundment of the river's water in huge reservoirs behind the
Hoover and Glen Canyon dams. During this period, water rarely flowed
all the way to the Gulf. In the past century, river flows into the delta have
been reduced by nearly 75%. The lack of freshwater flows has had far-
reaching impacts. Today, native populations of species like the Colorado
pikeminnow (Ptychocheilus lucius) are extinct in the Lower Colorado
River, and several others are on the brink of extinction. The Cucapa
people have inhabited the delta for a millennium, depending on its
natural resources for their survival. They numbered about 20 000 at the
arrival of the Spanish in the 16™ century, but today only 200-300 remain.
Freshwater shortage is considered by the GIWA Assessment to be severe

and the most critical issue in the Colorado River Basin.
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Environmental impacts

Modification of stream flow

Although at times the Colorado River is considered an abundant
source of freshwater, the significant changes in the hydrologic regime
throughout the River Basin has provoked the diminishment of the
River's natural flow, and has consequently caused an accentuated

problem in the Mexican borderland.

Prior to development, the Colorado River flowed unimpeded for
2 735 km. Although the Colorado River Basin drains 632 000 km?,
including 5 200 km? in northern Mexico, it is estimated that no more
than 25% of Colorado waters reach Mexican territory (Lueck et al.
1999). The estimated total water demand for the Colorado River Basin
is 24.5 km?®/year (USBR 2000b). The average flows between 1906 and
1930 were almost 22.1 km?*/year, but this average reduced to only
17.5 km?3/year during the last 70 years (1930 to 1998) (Table 11 and
Figure 5). Today the Colorado River Delta is sustained by only flood flows
and, during dry years, its only supply is from groundwater seepage,

agricultural drainage and tidewater (Glenn 1998). The construction

Table 11 Estimated Colorado River budget.

Water demand 3(::7)::5
Upper Basin (9.25 km?®) Lower Basin (9.25 km®) — 1922 Colorado River Compact 18.5
Central Arizona Project (rising to 3.48 km®) — 1922 Colorador River Compact 1.2
Mexican allotment — 1944 U.S. Mexico Water Treaty 1.8
Evaporation from reservoirs 1.8
Bank storage at Lake Powell 0.6
Phreatophytic losses (water demanding plants) 0.6
Budgeted total demand =245
1930-1998 average flow of the River 17.5

(Source: USBR 2002)
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Figure 5

and location of major dams in the Colorado River (Hoover Dam and
Glen Canyon Dam) had the most drastic impact upon the amount
of freshwater flow that reaches the Colorado River Delta due to their

reservoir capacity (CNA 1999).

Before the filling of Hoover Dam in the 1930s (creating Lake Mead), the
delta experienced a perennial discharge from the Colorado River (USGS
2002a). By the time Glen Canyon Dam was completed in 1962, regular
input of Colorado River water to the delta and Upper Gulf of California
had completely ceased with the exception of allotments to Mexico
stated in the 1944 Water Treaty (Cohen & Henges-Jeck 2001)

Sediment carried by the Colorado River was originally transported to
the Gulf of California, with a calculated sediment load of approximately
160 million tonnes per year (Carriquiry & Sanchez 1999). Upon
completion of the Hoover Dam however, much of the River's sediment
was deposited in the quiet waters of Lake Mead (USGS 2002a). It
has been estimated that this human intervention has led to a 99.5%
reduction of the original sediment discharge to the Colorado River
Delta; the deltaic basin having transformed from an estuarine setting
to a hyper saline, anti-estuarine and erosive environment (Daesslé
etal. 2001). In the absence of new sediment supply from the River, the
delta has become subject to destructive processes such as strong tidal

currents and wind waves (Carriquiry & Sdnchez 1999).

Pollution of existing supplies

The most critical concern for the Lower Basin is salinity and is
consequently the only water-quality parameter studied under
this issue. Other water quality issues are discussed in the Pollution
concern assessment. Even in the best-case scenario salinity criteria are
consistently exceeded at all points in the Lower Basin for most years.
Decreases in run-off of only 5% cause salinity criteria to be exceeded
in virtually all years. Even if average flows were to increase by 20%,
salinity criteria are exceeded continuously for long periods (Nash &
Gleick 1993).

Groundwater beneath the River Basin is in general unusable for
domestic and irrigation purposes without treatment. TDS values
typically exceeding 2 000 ppm are reported from a limited number of
test wells drilled in the western part of the Basin. Groundwater in areas
of the Basin has higher than recommended levels of fluoride and boron
(Loeltz et al. 1975). In addition to salinity, the Basin has also experienced
groundwater quality problems related to the intensive use of pesticides
by farmers. In 1979, a private well near Yuma Arizona registered the
highest levels of DBCP (dibromochloropropane) ever recorded in U.S.

drinking water. Subsequent tests indicated widespread contamination
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by this pesticide, which is used to control root parasites in citrus
orchards (Arizona Daily Star 1982, U.S. GAO 1984).

In general, salinity in the Colorado River is inversely related to stream
flow. Salinity tends to be higher when stream flows are low and lower
when there are high stream flows. However, the effects of stream flow
on salinity might depend to some degree on the time of year. In 1971,
the Environmental Protection Agency (EPA) concluded that nearly half
(47%) of the salinity concentration arriving at Hoover Dam was from
natural sources (EPA 1971).

The Colorado’s salinity increases as it flows downstream (Table 12)
due to upstream evaporation and return flows from agricultural use.
Mueller and Osen (1988), in a report submitted to the United States
Geological Survey, estimated that the natural salt load of Colorado River
at Lee’s Ferry, Arizona is 4.8 million tonnes per year. The U.S. Bureau of
Reclamation (USBR 1995b) has determined that the salt load currently
entering Lake Mead is about 8.1 million tonnes annually. In addition to
the salinity of the aquifers, the most serious problem today is that the
diversions of the Colorado River water for urban and industrial uses
exceeds 6.25 km? per year; 72.3 times more than the 1944 treaty allotted

to Tijuana and Tecate.

Table 12  Salinity in the delta region.

Total Dissolved Solids (TDS)
Sample point Non-flood year Flood year

(ppm) (ppm)
Colorado River at Hoover Dam® 723 -
Colorado River at Parker Dam* 747 -
Colorado River at Imperial Dam® 784 713
Colorado River at Northerly International Boundary® 906 760
Other deliveries near Southerly International Boundary® 1274 1222
Main Outlet Drain Extension canal (MODE)® 2838 2045
New River at border 2836 2583
Hardy River 1810 560
Ciénega de Santa Clara‘ 3000 5000
Salton Sea® 4227 43304

(Source: * MWD/USBR 1998, * IBWC 1991-1998, < Valdés-Casillas et al. 1998)

The increase of Total Dissolved Solids (TDS) is detrimental to flood plain
ecosystems and local fisheries. Studies have investigated the effect of
salinity on the growth rate of penaeid postlarvae. During 1993 and
1997, increases in the amount of freshwater discharged by the River
decreased the salinity of the Upper Gulf of California. This possibly
expanded shrimp postlarvae habitat, as low salinity environments
are preferred by Litopenaeus stylirostris (Aragdén-Noriega & Calderén-

Aguilar 2000). The relative abundance of postlarvae was shown to be

Table 13  Changes in relative abundance of penaeid postlarvae
during a 5 year period in the Upper Gulf of California.
Averageriver flow BTG ERIEREG
Year 9 relative abundance Standard error
(km’) 3
(larvae/m®)
1993 312.01 43.6° 136
1994 67.28 11.63° 135
1995 76.25 11.20° 2.25
1996 7142 16.01° 337
1997 115.65 33.32°¢ 8.06

Notes: ? Relative abundance of postlarvae was high; ® Abundances were the lowest;
<High abundance. (Source: Aragén-Noriega & Calderén-Aguilar 2000)

relative to the patterns of river flow (Table 13) with a high and significant
correlation (r=0.8815; p<0.05). It is important to mention that shrimps
are a species whose short life cycle requires only one year to complete.
Furthermore, strong variations in reproductive success shown in the
recruitment of the exploited population are greatly determined by

environmental variables.

In the years 1994 and 1996 the salinity in the Upper Gulf of California
was higher than marine water. Presence of postlarvae was still observed
during this period, but at a lower concentration than in those years
when the Colorado River discharged water. During low rainfall years in
the Colorado Basin, there is insufficient water for optimal agricultural
production in the Mexicali Valley, given current water use practices.
In addition to the increased levels of suspended solids, including salts,
there is some evidence of agricultural chemicals and pesticides (DDT,
DDE and DDD) entering surface streams through the sewage systems
and through urban run-off. In the Mexicali and Imperial Valleys there
is considerable concern about contamination of surface streams and
aquifers by these chemicals (CNA 1999).

In 2000 Garcia-Hernandez (2001) found only DDT-family insecticides
in the Basin. Concentrations of pp-DDE were detected in 26 out
of 30 samples (86%) collected from the delta. Values ranged from
<0.01 pg/g to 0.34 ug/g wet weight. The lowest dietary concentration
of DDE that resulted in critical eggshell thinning and decreased
production in the peregrine falcon (Falco peregrinus) was estimated by
Blus (1996) at 1.0 pg/g wet weight. None of the samples from the delta

however exceeded this value (Garcia-Herndndez et al. 2001).

Changes in water table

In addition to sediment problems, the changes in the water table
have provoked a considerable diminishment of water supplies to the
base of the rivers in the semiarid lands. The fluctuations registered in
groundwater static levels in the Mexicali Aquifer are due to the variations

in magnitude and distribution of recharge and pumping (Diaz-Cabrera
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2001). The Mexicali Aquifer recharge depends greatly on the availability

and management of surface waters (Colorado River).

In general, the records of 49 wells show that water levels have remained
largely unchanged in those areas within the Colorado River floodplain
south and east of the All American Canal. The water table remains
shallow and ranges from about 1.5 to 6 m below the surface. In the few
wells that exist north or west of the canal records show water levels
have also remained mostly unchanged or have increased slightly over
the period of record. Depth to water in these areas varies greatly, but
generally ranges from about 12 to 73 m below the surface. In general,
the groundwater is marginal for domestic and irrigation uses because
of elevated levels of TDS, chloride, sulphate, and percent sodium. TDS
levels range from about 600 to as much as 14 700 ppm (CDPW 1954,
1975).

Because the water volume assigned to Mexico was not enough to
irrigate all the agricultural lands in Mexicali Valley, in 1955 the Mexican
government established a programme to drill wells. As a result of these
events the aquifer presented a progressive depletion between 1953-
1979, a regional recovery during the period 1980-1987, depletion in the
interval 1988-1994 and a recovery during the lapse 1995-1999 (Figure 6).
These changes respond to flood events in the Colorado River from 1980
to 1993 due to abnormal snow melts (CNA 2000b).

Metres
>
L

1957

1960 -|
1969 -|
1972
1984 |

Year

Figure 6 Elevation of the static levels of the Mexicali Aquifer

from 1957-1994.
(Source: CNA 1998)

The most visible and controversial groundwater problems are found in
the lush irrigated delta of the Colorado River. The San Luis and Mexicali
valleys of Mexico and the adjoining Yuma and Imperial valleys of the
United States form one of the world’s most productive agricultural
zones. Groundwater is abundant in the delta area, replenished by the
Colorado River and its radiant canals. Quality ranges from good to

highly saline. Heavy irrigation has resulted in the build-up of saltwater

Table 14  Water balance in the Mexicali Aquifer with and without

lining of the All American Canal.

Withoutlining AAC | With lining AAC
(million m*/year) (million m?/year)
Inflow (Recharge)
All American Canal (AAC) 100 20
Sub-terranean | Arizona 70 220 70 140
San LuisR.C. 50 50
Artificial Drains w 899 w
Return flow 457 457
Superficial Colorado River 7.8 8 78
Inflow total 1127 1047
Outflow (Discharge)
Well extraction | Pumping extraction average 1957-1994 894 894
Sub-terranean | North Frontier 25 25
Superficial New River agricultural drainage m 21
Outflow total 1140 1140
Change in aquifer Storage (A5 ) -13 -92.8

Note: To calculate the change in aquifer storage AS, = [Inflow] - [Outflow].
(Source: Diaz-Cabrera 2001)

mounds in certain locations, with adverse effects on plant life and urban
uses. Protective drainage undertaken by the Bureau of Reclamation in

the United States during the 1960s was the source of the salinity crisis.

Mexican concerns consist mainly of future conditions in the Mexicali
Aquifer and of an increased deficit in the water balance following the
lining of the All American Canal (AAC) and a reduction of excess flows
(Table 14). This immediately affect the geohydrological conditions of
the aquifer, and lead to economic impacts on urban and agricultural
sectors of the states of Baja California and Sonora. About 197 million m?
of groundwater is used annually in the San Luis region (23 million m?)
and for urban areas like San Luis Rio Colorado, Mexicali (82 million m?),
(0.33 million m?3),

(80 million m?). Seepage from the All American Canal has created

Tecate Ensenada (9 million m3) and Tijuana
a series of wetlands totalling over 6 200 ha along the U.S.-Mexico
border. Over half of these are in Mexico, east of the portion of the canal
that is proposed for lining, and will therefore be affected by the lack of
seepage in the future. The Andrade Mesa Wetlands are extensive and
provide high-quality bird habitat in an isolated part of the northern
Colorado River Delta where replacement habitat is non-existent.
The loss of this critical habitat should be considered in assessing the
potential environmental impacts of the canal-lining project (Hinojosa-

Huerta et al. 2003).

Wastewater from the U.S. contains an annual average of 1850 ppm
of total dissolved solids, while water from the Mexicali Valley has an
annual average of 950 ppm. Consequently, the mixed water in the

Colorado River has an average salinity 1 300 ppm higher than its natural
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Figure7  Concentrations of total dissolved solids in the Mexicali

Aquifer with and without lining of the All American Canal.
(Source: Navarro 1998)

concentration. Currently salts are leached from farmland on the left
bank of the River. The lack of water recharge would induce a drawdown
of the piezometric level of the Mexicali Aquifer and consequently lead

to an increase in the salinity of its waters (Figure 7).

In 1972, in response to the salinity problem, Mexico constructed a field of
63 wells along the border of San Luis, Sonora, pumping 197.4 million m?
of water annually. The location of the Mexican wells alarmed Arizona
water authorities who feared they would draw down groundwater
stock beneath Yuma Mesa, Arizona. Consequently, groundwater was
incorporated into the bi-national discussions on salinity. Under the
settlement, Minute 242, signed in 1973, each nation was permitted
to pump up to but not in excess of 197.4 million m* of groundwater
annually at San Luis-Mesa Yuma (IBWC 1973).

Approximately 8600 m® per year of groundwater is estimated to
recharge the Colorado Basin from the New River which drains the
Mexicali Valley (Montgomery Watson Inc. 1995). This groundwater
is related to surface flow from the highly polluted New River and

negatively affects groundwater quality in the Basin (Setmire 1979).

Metropolitan water authorities from Los Angeles and San Diego are
constantly working to find extra volumes of water for their expanding
populations. Gary Wyatt, supervisor of district 4 of the Imperial Valley,
affirms that San Diego will have to indemnify farmers of this region,
with over 50 million USD for those that are willing to lay down their
lands and let their water be transferred to San Diego Metropolitan
Water District.

Socio-economic impacts
Economic impacts
There have been widespread economicimpacts from the contamination

of Colorado water with pollutants such as DDT, and increased levels of

selenium and TDS. Based on an economic impact study by Lohman
(Lohman 1988 in MWD/USBR 1998), damages by TDS in 1995 were
estimated to be about 750 million USD per year in the United States.
Major relevance is given to the size of sectors affected and to the
severity of cases, due to immediate consequences in the regional and

local economies.

Table 15 Saturation rates for softeners, dispensed and filtered
water usage at different TDS levels, as well as the
incremental costs per additional mg/l of TDS in
southern California.

Consumer salinity damages
Softeners Dispensed and filtered
Pl Change Household Predicted Predicted | Household Predicted Predicted
cost cost cost cost
(%/added use use
ma/) (USD/added %) (Usb/ (USD/added %) (Usp/
9 mg/l) household) mg/l) u household)
100 0.0076 0.025 749 24 0.002 61.96 38
250 | 0.0086 0.028 8.70 28 0.002 6196 38
500 0.0102 0.033 11.04 36 0.002 62.65 39
750 | 0.0119 0.039 13.80 45 0.002 63.42 39
1000 | 0.0137 0.044 17.00 55 0.002 64.26 40

(Source: MWD/USBR 1998)

Salinity requires expensive clearing systems (demineralisation,
softening, etc.) that have direct economic impacts on industrial,
residential, and agricultural water users, mostly in Mexico (no data
available) and California (Table 15). The annual cost for owning
and operating a self-regeneration softener in southern California is
324 USD per year. The median cost among households for dispensed
and filtered water purchases was 62 USD per year, based on cost
estimates and survey responses (MWD/USBR 1998). Industrial users
are likely to have to intensify their treatment practices with increased
chemical and energy costs to handle higher TDS levels. Higher TDS

levels also affect residential consumers and agriculture.

To compensate for the high salinity of Colorado River waters, the
agricultural sector has to constantly leach soils and invest in soil
recovery, thus incurring additional costs during production (Table 16).
The limited amount of surface water both in quantity and quality
has forced farmers to abstract more groundwater resources with a
consequential lowering of the water table. To extract sufficient water
deeper wells were needed, with greater consumption of electricity to
power the pumps. As a result of this, farmers have seen a significant

decrease in the profitability of many of their activities.

In December 1989, the Imperial Irrigation District (IID) and Metropolitan

Water District authorities signed an agreement for the sale of
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Table 16 Increased leaching for ornamental crops, economic Table 17  Total consumption and electrical costs of pumping 158
impact and equivalent crop salinity relationships. wells operating in the area of the All American Canal.
.. Equivalent crop salinity yield
Increased Economicimpact (%) q relati:nship Yy Present Year 6 Year 10 Year 20
Salinity | application Energy consumption (kWh) 35940 38160 39920 41800
(mg/l) of water Crop value? Crop value?
(m¥/year)! Pumping cost (USD/m?) 0.0023 0.0023 0.0025 0.0026
8100 USD/ha 20200USD/ha | 8100 USD/ha 20200 USD/ha
Total cost (USD) 587000 611000 640000 657000
200 0.0 0.0 0.0 100.0 100.0
Additional cost (%) 4.1 9.0 15
300 0.0 0.0 0.0 100.0 100.0
(Source: Navarro 1998)
400 0.041 05 0.2 995 999
500 0.076 09 04 99.1 99.7 Table 18 Variables considered in the effect of lining the All
American Canal.
600 0.107 12 05 98.8 99.4
Present Year1 Year6
700 0.150 17 0.7 983 99.2 Quantity | % | Quantity | % | Quantity | %
800 0.198 23 0.9 97.7 99.0 (A;;[:)er(oncentranon 1880 08 2000 67 2100 6.3
900 0.251 29 12 97.1 98.7 c i
1op production 115300 | 100 | 108400 | 940 | 107700 | 934
1000 0312 36 15 96.4 98.5 (tonnes)
1100 0.384 44 18 95.6 9.2 ((l:‘;pmp“’d“m"” value 32560000 | 100 | 29660000 | 911 | 29350000 | 90.2
1200 0.463 53 21 947 98.0 _benefi
Net-benefit 21150000 | 100 | 1825000 | 863 | 17950000 | 84.8
Note: ' Data from Joe Brummer, soil scientist for the U.S. Bureau of Reclamation. These (USD)
calculations are based on roses. Crop irrigation requirements use is assumed to be 61 m*/year. Utility
2Two values were assumed for ornamentals; 8 100 USD/ha and 20 200 USD/ha, respectively. (USD/ha) 1300 100 1100 86.3 1100 84.6
(Source: MWD/USBR 1998)
Marginal water productivity
(USD/m?) 83 100 72 86.3 70 849
- ) ) ) Required potency
123 million m? for 34.5 USD per m? for a 55 year period, with an option kW) 70 100 70 1053
to renew the agreement (IID/MWD 2003). The water volume sold was (EEVT/?)Y necessary 35900 100 38100 106.2
determined in light of expected water savings that would be achieved )
Electric energy cost
) . L . 587000 | 100 611000 | 104.1
via the concrete lining of most of its irrigation channels and the lining (UsD)
. E t
of the AAC over 48 km of its course. In 1998, a new agreement between (S;’)‘-}Iynﬁ;’s 2300 100 2400 104.2

IID and the San Diego County Water Authority allowed the transfer of
as much as 246 million m* of conserved water from agricultural users

to the authority.

If the work is to be completed, the Mexicali Aquifer would lose
80 million m? per year of water, that is currently extracted for mainly
agricultural purposes, leaving 1 200 ha of agricultural land unproductive
(Cortéz-Lara 1999). The aquifer supplies 400 wells for lands where
1000 farmers operate. This plan would also leave 2000 Mexican
Braceros (day labourers) unemployed in the US., and considerable
economic costs in agricultural lands in Mexicali, Tijuana and Sonora.
Considering that 80% of the recharge volume of the Mexicali Aquifer
comes from the All American Canal, a reduction in groundwater levels
would also significantly increase costs as a result of deepening wells and

increased pumping (CNA 1991).

As salinity increases in the Mexicali Aquifer, the potency required in
pumping systems, kWh consumption, total cost in energy, and cost of
extraction per m?increases. On the contrary, and inversely proportional,
there is a decrease in productivity, production value, net-benefit, utility

per ha and marginal water productivity (Tables 17 and 18).

(Source: Navarro 1998)

Health impacts

In a regional context, the health of the people affected by the freshwater
shortage concern is presently slight. For example, 90% of the population
in the Mexican region has free access to relatively potable water (INEGI
2002). Major health concerns are related to the lack of water for cleaning
duties and during the summer season when human demands increase.
The frequency of water related health problems due to water shortage

is still considered as occasional.

Other social and community impacts

Although only a small proportion of the community faces severe
freshwater shortage, in certain localities and during dry periods there
can be acute adversities for communities due their dependence
on water resources. The effects of impounding and diverting large
amounts of Colorado River water is felt particularly heavily in the delta
region. Prior to these water developments, the native Cucapé cultivated
an endemic plant - Palmer’s salt grass (Distichilis palmeri) - that thrives in
the intertidal marshes and was harvested for its protein content. Other

crops in their flood-irrigated fields included corn, beans and pumpkin.
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Their diet included numerous fish species, waterfowl, small mammals
and large game such as mule deer, wild boar and big horn sheep. Native
plants and trees provided materials for tools, housing and canoes to
navigate the landscape, a labyrinth of wetlands. The degree of impact is
considered severe, and the limitation in water supplies is almost chronic

for the regional society.

Inthe U.S. portion of the Basin, Indian tribes are currently in the process
of having previously unrecognised water rights granted and quantified.
One of the most significant problems for all the stakeholders of the
Colorado River is the complicated nature of the quantification process
(Morrison etal. 1996). There has been considerable disagreement
over both the quantity of water and the manner in which control
should be balanced between the federal government and the Indian
tribes themselves. Therefore, any Colorado River management plan
developed with the U.S. Bureau of Reclamation’s participation will
have to address the water needs and rights of Indian tribes in the Basin
(Morrison et al. 1996).

Conclusions and future outlook

The GIWA Assessment identified freshwater shortage as the most severe
concern in the Colorado River Basin. The magnitude of the concern is
expected to be exuberated over the next 20 years by rising demand,
from an increase in uses and production, and population growth. In
general terms, most of the experts associate the agriculture sector
crisis to this concern, and state and local governments claim that
water availability is an essential condition for the loss or attraction of

investment to their territories.

However, there is potential to use available water resources more
efficiency and reverse freshwater shortage trends; the challenge is set
for the improvement of water services, reducing the pressure on the

resource and increasing its profitability,

The reduction in water supplies has not been shown to coincide with
health issues. Instead, trends show a low impact on society in general.
The water distribution schemes for the next 20 years seem complicated,
and considering the challenges to establish a water balance for the
water re-assignation, more and more conflicts between Mexico and the
U.S can be expected. Water issues concerning Indian American tribes
and local communities (Cucapa) must be resolved as a fundamental
part of any long-term management strategy for the Colorado River

Basin.

Due to the Rio Grande crisis, both governments are now urged to take

some decisions, which include radical changes in their legal framework.

The primary Mexican tributary of the Rio Grande is the Rio Conchos,
which flows out of the high desert of Mexico and fills the reservoirs that
provide water for Texan farmers. Under the 1944 Treaty, Mexico must
send about 432 km?® water annually into the Rio Grande. The United
States, in turn, releases 1.85 km? of Colorado River water to Mexico. Since
1992, Mexico has fallen more than 1.8 million m® of water in arrears, due
toa severe drought in the Basin, escalating into an international standoff
(Yardley 2002). The implication of these new regulations will have a
tremendous impact on socio-economic terms in both sides of the
border. A slow readjusting time is envisioned due to the bureaucracy
of political agreements. However there are important ongoing political
processes in the Basin, as is the case of California, which is expected to

present a water restructure by the end of the year .

Imperial Valley Aquifer is not used for two reasons. Firstly, the low quality
makes it unsuitable for agricultural uses. Secondly, the growers receive
enough Colorado River water for their 250 000 ha of agricultural land.
Therefore, aquifer water in this region is the only reliable contributor to
water volume, which is why the Mexicali Aquifer is the most important
source of local water available to Baja California. Consequently, any
actions that affect aquifer recharge water volumes, such as the lining
of All American Canal (AAC) or a decrease in Colorado River natural run-
off (e.g. reduced frequencies of excess flows), will directly impact the

availability of water to the Basin.

The lining of the AAC would cease 80% of the infiltrations and produce
the dropping of the water table, causing depletion in groundwater
levels in Mexican territory during the next 10 to 15 years, in addition to
those caused by the exploitation of the aquifer in the Mexicali Valley.
This should induce a drawdown of the piezometric level of the aquifer
and result in the need for deeper wells; therefore increasing pumping

costs for the agricultural sector.

Thelining of the All American Canal could indirectly reduce the Colorado
River Delta’s water allocation. Mexico relies on groundwater pumped
from the border region to augment its supplies. Groundwater coming
from the seepage of the AAC presently irrigates 1 200 ha agricultural
land in the Mexicali and a San Luis Valleys. Mexico’s concern consist
of an immediate reduction of seepage into these aquifers, that would
consequently put more pressure over water resources in the Mexican
portion, which will ultimately reduce any possible source of water for
ecological purposes. In addition to the canal lining a reduction of
surplus water due to the USBRs Interim Surplus Water Criteria will be
detrimental to the economy, environment and population of the Salton

Sea and the Colorado River Delta.
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Under Minute 242, paragraph 6 of the International Boundary and Water
Commission “the United States and Mexico shall consult with each other
prior to undertaking any new development of either the surface or the
groundwater resources, or undertaking substantial modifications of
present developments, in its own territory in the border area that might
adversely affect the other country” (IBWC 1973). Therefore the lining of
the AAC requires the approval of both countries; the project should
not be carried out until the Mexican section of the IBWC can identify
proper measures that minimises or reduces the effects in Mexico of
lining the AAC.

While surface water salinity is monitored and controlled in the U.S,, and
a desalinisation plant in Yuma, Arizona, was constructed to remove
salt from water travelling to Mexico, groundwater does not currently
face similar constraints and regulations, which makes groundwater

regulation a complex matter for both sides of the border.

11 Pollution

The quality of water in the Colorado River Basin is a major component
affecting the ecology and population, since heavy metals, arsenic, lead,
pesticides, uranium, etc., have all been found in excessive levels in soils
and source waters on the region. Due to significant public health and
ecological impacts, the areas of high priority for control include the
U.S. cities of Los Angeles, San Diego, Phoenix and the Mexican cities
of Tijuana, Mexicali and Nogales. In addition to domestic and industrial
wastes, run-off from agricultural practices contributes significant
levels of toxic compounds and nutrient overload to already stressed
ecosystems. The shortage of freshwater in the arid regions of the border

often correlates with a lack of proper hygiene and sanitation practices.

Federal and State agencies are concerned of pollutants being
transported by aqueducts (e.g. Colorado River Agueduct) from
reservoirs such as Lake Havasu to cities outside the drainage basin (e.g.
Los Angeles, San Diego and Tijuana), since most of this water present
high levels of contaminants (USDOI/BLM 2002).

Water quality in the Basin is generally satisfactory, although run-off from

agricultural areas, abandoned mines, and naturally occurring saline

groundwater discharges cause localised problems (USGS 2000):

B The Eagle River has metals contamination in some reaches;

B The Colorado River main stem and Gila River is subject to elevated
salinity levels due to naturally occurring springs and agricultural

drainage through saline deposits;

B The Gunnison River is subject to increased selenium levels;
B Previous mining activities have also impacted tributaries to the San

Pedro, Gila, San Juan, White and Yampa Rivers.

Salinity above all other pollutants in the Colorado River Basin is
considered as a continuous issue and historically significant to U.S.-
Mexico relations since the early 1940s. The salinity of waters delivered
to Mexico increased markedly in the winter of 1961-1962, from less than
1000 mg/!I'in prior years to 2 600 mg/I. Mexico protested against the
increase (Hundley 1966). In 1962, the presidents of the United States and
Mexico agreed to find a mutually satisfactory solution. An agreement
was reached and approved by the two Presidents in August 1973; the
agreement was formalised as Minute 242 (IBWC 1973). As a result of
Minute 242 a variety of salinity control programmes (e.g. Colorado River
Basin Salinity Control Act, Clean Water Act and Colorado River Water
Quiality Program) have been implemented in the Colorado River Basin
in response to Mexico’s concerns over salinity and salinity standards
within the U.S. states (MWD/USBR 1998).

Salinity varies from season to season in the Mexican borderland since
water deliveries stipulated in the 1944 U.S.-Mexico water treaty are
divided in two seasons (IBWC 1944):

E During the months of January, February, October, November and
December the prescribed rate of delivery shall be not less than
19.1 m*/s nor more than 113.3 m*/s.

@ During the remaining months of the year the prescribed rate of
delivery shall be not less than 31.9 m*/s nor more than 113.3 m%s.
Should deliveries of water be made at a point on the land boundary
near San Luis, Sonora, as provided for in Article 11, such deliveries
shall be made under a sub-schedule to be formulated and
furnished by the Mexican Section. The quantities and monthly
rates of deliveries under such sub-schedule shall be in proportion
to those specified for Schedule |, unless otherwise agreed upon by

the Commission.

Due to high evaporation in the Lower Colorado Basin, the summer
season tend to concentrate pollutants, leaving the winter season with
better water quality standards (CNA 1999).

In‘an ecological context, one of the major threats in the Colorado River
wetlands is selenium and pesticides (Garcia-Herndndez et al. 2001).
Selenium can be bioaccumulated to levels toxic for wildlife and causes
high rates of embryonic mortality and deformity. Selenium is a naturally
occurring element originated from cretaceous formations in the Upper
Colorado River and, due to its high solubility, is distributed along the

Colorado River waters. Since the early 1970s, there have been concerns
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about the possibility of pesticide transport from the Mexicali Valley
into the Upper Gulf of California. Pesticide levels have been found in
organisms of the Mexicali Valley irrigation canals as well as the Upper
Gulf of California (Garcfa-Herndndez et al. 2001).

Environmental impacts

The Colorado River is considered as a major water pollutant
distributor since it carries a considerable quantity of contaminants
such as selenium, TDS, pesticides and the intensive contamination
by chemical (perchlorate, chromium 6, and MTBE) and radionuclide
wastes (thorium-230, radium-226 and radon-222) from industrial and

agricultural activities.

Microbiological

The New River in south central California flows in from Mexico where it
receives a variety of wastewater effluents. Each year Mexicali, a Mexican
border city, discharges about 49 400 m® of effluent into the international
boundary which flows north through Mexicali, crossing the border into
California’s Imperial Valley. About 70 km to the north, it empties into
California’s Salton Sea. Although some of Mexicali's effluent is treated,
raw sewage and industrial waste often flow directly into the New River
through storm drains and other outlets. The New River is considered

one of the most polluted rivers in the United States (Lueck et al. 1999).

Semi-annual sampling of the New River at the Calexico gauge near
the border by the California Regional Water Quality Control Board
since 1994 shows consistently high levels of faecal coliform (130 000 to
2200000 per 100 ml) and TDS (>2 400 mg/l) and low concentrations
of dissolved oxygen (Varady & Mack 1995). In short, the New River is not
an acceptable raw water source for drinking water, but is likely used by
for example Colonias (underdeveloped residential subdivisions), at least
in Mexico, that are not currently served by a community water system
(Mroz et al. 1996).

Eutrophication

The nutrient rich-inflows that reach the Salton Sea facilitate extremely
high biomass production, but have also created eutrophic conditions (see
Table 19). Eutrophication is responsible for the deaths of millions of fish in
the Salton Sea, and may have created a vector for avian diseases (Setmire
etal. 1993, USGS 1996, Costa-Pierce 1997, USBR 1997, USFWS 1997).

Chemical

Selenium and salinity are considered as the two major contributors to
the regional water pollution. Extremely high concentrations of selenium,
1300 pg/l, were found in water from shallow wells sampled in the

upstream reaches of the Colorado and Uncompahgre River valleys,

Table 19  Annual phosphorus and nitrogen load of the Salton Sea.
Phosphorus Nitrogen
g (mg/l) (mg/l)
Permissible* 0.1 15
Dangerous* 0.2 3.0
Salton Sea 119 154

Note: *According to Wetzel 1983. (Source: Primary data collection by CRWQCB 1980-1992. Data
compiled by Richard Thiery, CYWD, in Cagle 1998)

Table 20 Concentrations of selenium in biota in the Colorado

River Delta.
Species Selenium
(ppm dry weight)

Double-breasted cormorant (Phalocrocorax auritas) 16.7
Cattle egret (Bubulcus ibis) 4.6

Red Winged blackbird (Agelaius phoeniceus) 5.1
Great-tailed grackle (Quiscalus mexicanus) 53
Mourning dove (Zenaida macroura) 23
Tilapia (Tilapia zilii) 6.8
Largemouth bass* (Micropterus salmoides) 51

(Source: Mora & Anderson 1995, *Garcia-Herndndez 1998)

located in the extensive alluvium and residuum of the Cretaceous Mancos
shale (Presser et al. 1994). The bioaccumulation of selenium has created
toxicity problems for wildlife in the Ciénega de Santa Clara, in the east side
of the Colorado River Delta (Garcia-Herndndez 1998) (Table 20).

Concentrations in water ranged from 5-19 mg/I, increasing along a
salinity gradient. Although water levels of selenium exceeded EPA
criterion (0.73 pg/g wet weight) for the protection of freshwater aquatic
life, selenium levels in sediments (0.8-1.8 mg/g), plants (0-0.17 mg/g) and
fish (2.5-6.4 mg/g) from the Ciénega de Santa Clara do not exceeded

background levels found along the Lower Colorado River ecosystems.

In 1971,230 tonnes of DDT was used in the Mexicali Valley, Mexico, which
left residual concentrations of DDE in wildlife (Garcia-Herndndez et al.
2001). DDT was banned in Mexico for agricultural use in 1978 due to its
persistence in the environment and to the rejection by other countries

of DDT contaminated products (Canseco-Gonzélez et al. 1997).

Even though such pesticides have been banned, DDE, DDT and
DDD were detected in fish and invertebrate sampled from the delta
wetlands. The DDE:DDT ratio was lower than 50, which is thought
to indicate recent exposure to the parent compound (Mora 1997
in Garcfa-Hernédndez 2001). Nevertheless, under unknown exposure
conditions, these ratios may not be indicative of recent DDT use but of
long persistence and heavy use of DDT in the past, as pesticides, like
selenium, tend to bioaccumulate. A pesticide study on cattle egrets

(Bubulcus ibis) from the Mexicali Valley concluded that hatching success
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was not significantly affected by DDE or other organo chlorines (Mora
1997 in Garcia-Hernandez 2001). However, more studies are required
to determine if organochlorine, organophosphates or carbamates
pesticides as well as herbicides, are affecting the density of insects in
the delta wetlands, which could potentially impact the habitat quality

for insectivorous migratory birds.

The Atlas uranium mill near Moab, Utah, has leaked ammonia and other
poisonous contaminants into the Colorado River for the past 40 years.
The USGS (2000) study confirms that ammonia levels are far too high
for the fish to survive. According to the report, ammonia levels in a
stretch of the Colorado River about 4.8 km north of Moab are as high
as 1500 mg/I, greatly exceeding the 12 mg/I that the fish can tolerate.
When researchers put experimental fish into the River below the waste
site, most of them died in less than one hour. The same area has been
designated as critical habitat for the recovery of the endangered
Colorado pikeminnow (Ptychocheilus lucius), the Razorback sucker
(Xyrauchen texanus), the Humpback chub (Gila cypha) and the Bonytail
chub (Gila elegans).

Other sources of contamination in the Colorado waters such as
perchlorate, uranium and methyl tertiary-butyl ether (MTBE) are
becoming increasingly significant. MTBE is a fuel oxygenate added
to gasoline to reduce pollution and increase octane ratings. However,
MTBE is a highly toxic chemical, linked to cancer and neurological
problems that spreads rapidly in groundwater (Squillace et al. 1996).
The source of MTBE releases is mainly from leaking underground fuel
tanks and it is a frequent and widespread contaminant in shallow
groundwater from urban areas throughout California. A minimum
estimate of the number of MTBE-impacted sites in California is greater
than 10 000 (Happel et al. 1998).

Due to the combination of its elements (chlorine and oxygen)
perchlorate (CIO,)-amanmade chemical thatis usedin the manufacture
of rockets, missiles and fireworks, among other products - can persist for
many decades under typical groundwater and surfacewater conditions,
because of its resistance to reaction or degradation. In 1997, the state of
California developed a method with detection of down to 4 pg/I. Much
to the surprise of water officials, perchlorate was detected in numerous
water systems including the entire Lower Colorado River, mostly in Lake
Mead (EPA 1998, Batista et al. 2003).

The single largest source of contamination of perchlorate is a former
Kerr-McGee Corp. rocket fuel plant outside Las Vegas. The site still
leaches as much as 408 kg of perchlorate per day, which drains into the

Colorado River. Across California, nearly 300 wells are contaminated.

Most are in Los Angeles, Riverside and San Bernardino counties, where
dozens of aerospace factories operated during the Cold War (Waldman
2002).

To date, the EPA has identified 75 perchlorate releases in 22 states,
including Arizona, Texas, Nebraska, as well as California . The Colorado
River, contains perchlorate at roughly 7 ppb, seven times the level that

the EPA's National Centre for Environmental Assessment says is safe.

The leading cause of non-attainment on Colorado’s waters is high
concentrations of metals. The source of metals in the waters is from
historic contamination contained within impounded sediments with
the exception of mercury in fish tissue in lakes (e.g. Lake Powell). Acidic,
metal rich discharges, originate from abandoned and inactive mines or

run-off from old mining piles.

Solid waste
The solid waste issue was assessed as having a slight impact in the Basin.
However, as the population in urban centres keeps on growing, the solid

wastes pollution is becoming a principal issue for the Basin.

Radionuclide

Uranium ore was mined and milled in the Colorado River Basin
beginning in the late 1940s and continued through the 1950s at an
ever-increasing rate. When production finally reached its peak in
1958 nearly 8 960 tonnes of uranium ore were being milled each day
in the Colorado Plateau. Waste left from the Atlas uranium mill near
Moab, Utah, is threatening endangered fish that live in the Colorado
River (USGS 2000). The USGS study conducted from August 1998 to
February 2000 shows that 9.5 million tonnes of waste left from the mill

are poisoning four endangered fish species in the Colorado River.

Concentrated in mill tailing piles are a number of heavy metals including
arsenic, barium, cadmium, lead, vanadium and selenium. In addition to
these contaminants the piles contain radioactive materials not removed
in the production process. In fact, 85% of the radioactive material in ore
remains after the milling process. Radionuclides concentrated in tailings
piles include thorium-230, radium-226 and radon-222 (USGS 2000).
The mining and milling wastes pose serious threats to groundwater
from radionuclide contamination. High radium concentrations occur
in shallow aquifers in Montrose County in association with uranium
mining and milling operations. Many streams in the Basin tend to have
higher pH values than in the state of Colorado, therefore strict un-
ionised ammonia standards have been required of wastewater facilities

in order to protect cold-water aquatic life (Driver 1994).
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Table 21  Salinity impacts on crop yields.

Salinity damage to agriculture compared to full yield' (%)

DS (mg/I)
Strawberry Misc. vegetables Nursery? Cut flowers? Citrus Avocados Vineyards Pasture/Grains Deciduous Field
200 100 100 100 100 100 100 100 100 100 100
300 100 100 100 100 100 100 100 100 100 100
400 100 100 99.9 99.5 100 98.8 100 100 100 100
500 94.4 100 99.7 99.1 100 93.3 99.4 100 98.9 100
600 86.7 100 99.4 98.8 97.2 87.8 96.4 100 93.2 100
700 79.0 98.0 99.2 983 92.2 823 93.4 100 87.6 100
800 3 94.7 99.0 97.7 87.2 76.8 90.4 100 819 98.0
900 63.6 914 98.7 97.1 82.2 73 874 99.2 76.3 95.3
1000 55.9 88.1 98.5 96.4 772 65.8 84.4 97.5 70.6 92.6
1100 48.2 84.8 98.2 95.6 722 603 814 95.8 65.0 90.0
1200 40.5 81.5 98.0 94.7 67.2 54.8 784 941 59.3 873

Summary of agricultural value (USD/ha)

Total value 40620 12860 105700 46 860 9260 10850 3840 660 6250 2610

Notes: 'Prepared for use in Salinity Impact Model in Metropolitan’s service area. Crops are grouped into the main categories in Metropolitan’s service area. Values adjusted to reflect costs to growers of

using additional higher salinity waters for leaching to maximise yields. (Source: MWD/USBR 1998)

Socio-economic impacts

Economic impacts

The region faces considerable saline problems. The United States has
invested more than 300 million USD in the prevention and restoration
of saline soils and both Mexico and the U.S. require continuous
investments to improve water quality (MWD/USBR 1998). The
economic impact suffered on the regional sectors by the pollution
of water sources is becoming a grave issue, particularly for agriculture
(Table 21).

Industrial water users have different requirements for water quality
depending upon the purpose for which the water will be used; process,
boiler feed, cooling, or sanitation and irrigation. Process water makes up
about 45% of industrial use and, in most cases, is used by industry as it
is received. Impacts from increased salinity and hardness are minimal.
Of the industrial water use, 12% require demineralisation and 12% some
sort of softening (MWD/USBR 1998).

The cost of treating process water with reverse osmosis at a
level of about 700 mg/I varies from about 570 USD/million m* to
810 USD/million m? for industries. Using 570 USD indicates that the cost
of reducing salinity from 700 mg/I to 600 mg/I is 84 USD/million m?, as
only 14.7% of the water treated. Also, as additional water is lost because
of a brine stream, an additional 20% of the treated water is required or
2.94% of the total. The estimated cost to obtain the additional water is
about 570 USD/million m? (retail cost) and the disposal cost is about
490 USD/million m? resulting in a net cost increase of 31 USD/million m?

of product water. Thus, the total unit cost of changing salinity from

Table 22  Costs associated with treatment of process water.
Need of treatment Water us? 92«)" process Costfor1 ('E%:,::ﬁ:::::i )in salinity
Demineralisation i 114
Softening 12 0.47
No treatment Al
Total 45 0.44

(Source: MWD/USBR 1998)

700 mg/I to 600 mg/Iis about 114 USD/million m? or 1.14 USD/million m?
per mg/l increase in salinity (Table 22) (MWD/USBR 1998).

Water, which is traditionally softened, will probably continue to
be softened, as it costs less than demineralisation. Commercial
units, including salt and operation and maintenance will cost
65 USD/million m?*to 122 USD/million m?, depending upon salinity and
initial salinity of 600 mg/l, with a 200 mg/| reduction, apportioning
the cost would indicate a cost of about 0.47 USD/million m® per mg/I
change salinity (MWD/USBR 1998).

Many industries require water with very low salinity and treatment is
required regardless of the salinity of the supplied water. These include
pharmaceutical, biotech, electronics and microchip manufacturers.
Salinity and hardness create additional problems including higher
operating costs and capital equipment requirements such as an

increase in the amount of water used in cooling systems.

For cooling water, increases in salinity result in decreased cycles of use

and an increased requirement for make-up water. A major impact from
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higher salinity concentrations is the incremental costs of additional
water, added chemicals, and further disposal requirements. The extra
water required is approximately 0.0004 times the increase in salinity,
500 g/1to 600 mg/I. Thus, a 100 mg/lincrease in salinity would represent
a4% increase in cooling water use. For a typical user, the cost per m? of
added cooling water is about 1.18 USD (MWD/USBR 1998).

Problems related to siltation have occurred during the Gila River
flood control releases of 1997-1999. Large amounts of sediment were
moved to Morelos Dam and accumulated, impeding the operation
of the diversion gates on both the U.S and Mexican sides (Table 23).
Contracted dredging operations began in March 2000 to remove
approximately 0.764 km?* of material from in front of both diversion
works and across the face of the overflow weir. The dredging operation

was completed in June 2000.

Table 23  Volume of sediment and estimated cost of dredging
operations 1997.

Section Sediment | Estimated cost
(km?) (USD)

United States: Between the confluence of Gila and Colorado rivers

and the Northerly International Boundary. 550 12000000

In Mexico: Northerly International Boundary (NIB) and Morelos Dam. 0.91 2200000

International section (NIB-SIB). 1.03 2280000

Irrigation District 14. 0.55 950000

Sf)utherlylnternatlonal Boundary (SIB) and the mouth of Colorado 450 6820000

River.

Total 12.49 24250000

(Source: CNA 1999)

The New River has long been the subject of negotiations between the
United States and Mexico regarding waste treatment. Recently, Mexico
and the United States agreed to construct a bi-national wastewater
treatment plant to be called Mexicali ll. On completion in 2015, the plant
will treat more than 1 645 |/s and serve a projected population of more
than 0.5 million people (IBWC 1996).

However, the economic impact on local economies in the Salton Sea
and Imperial Valley areas by the pollution of the New River has been
quite severe. The Salton Sea area has a 76 million USD tourist industry.
Bird watchers alone contribute 3.1 million USD to the local economy
annually. The pollution generated by the farmers and the maquiladoras
decreases the species diversity and abundance of the sea; as a result, its
aesthetic value is adversely affected. For this reason, between 1986 and
1993, the number of tourists visiting the Salton Sea State Recreation Area
dropped by 66% (Pauw 1994). In Imperial County, the unemployment
rate was 30% as of March 1994, whereas, at that time, the nation as a

whole was experiencing an economic boom.

Health impacts

Perchlorate (CIOA') has migrated from disposal sites in Nevada into
Lake Mead, and the Colorado River system, which supplies drinking
water for about 20 million people in the Lower Colorado River Basin
and has forced the shutdown of hundreds of wells in California. State
and federal officials are still debating how much risk perchlorate poses
when ingested and what limits should be set for the chemical, a process
slowed partly by lawsuits filed by defence contractors such as Lockheed
Martin Corp. that are concerned they may be liable for billions of dollars

in clean-up costs (Waldman 2002).

When the Metropolitan Water District of Southern California found the
chemical in taps in Los Angeles, scientists traced the plume 643 km up
the Colorado River to Lake Mead, above Hoover Dam. From there, they
tracked the plume 16 km westward, up a desert riverbed called the Las
Vegas Wash, to Kerr-McGee Corp.s giant ammonium perchlorate plant

in Henderson, Nevada.

Kerr-McGee is spending roughly 70 million USD to extract perchlorate,
but it is catching only about half the 408 kg per day seeping into the
Las Vegas Wash, EPA officials say. The company, which has filed a lawsuit
seeking Pentagon reimbursement for the clean-up costs, says it is
adding new systems to capture much more of the perchlorate. Still, so
much perchlorate has already entered Lake Mead that the levels below
Hoover Dam - all the way out to Los Angeles - have hardly budged in

five years, ranging from 5 to 10 ppb (EPA 2003).

Most communities that comprise the River Basin are serviced by large
water systems. These residents receive high quality water for domestic
use and are in no immediate health danger. But on the other hand
the provision of safe drinking water is the most critical health issue in
low-income areas along the U.S.-Mexico border that are still unserved
or underserved by potable water and sewerage services. On Mexico's
northern border, 30% of the residents do not have access to running
water and sewerage services. The problem is not limited to Mexico,
however. In the United States, the poorest residents of the border region
live in underdeveloped residential subdivisions called Colonias which

also lack water and/or wastewater services.

Colonias are home to many people who work in maquiladora industries
that have developed along the border. High population densities
combined with inadequate infrastructure result in deplorable living
conditions. Colonia residents live in conditions that would be
unacceptable anywhere else in the country, but residents are poor and
have few options. Health problems in colonias are many and varied,

but environmental contamination often permeates the developments.
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Water supply contamination is an especially significant health risk.
Inadequate wastewater treatment and improper disposal of solid and
liquid wastes have contaminated many surface water and shallow
groundwater supplies. Areas without drinking water systems are
particularly vulnerable, but the potential for contamination threatens
water sources for public water systems as well. Mroz et al. (1996)
indicated that many Colonia residents get water from garden hoses
or by truck delivery, but have “no electricity, sewer systems, garbage

collection or waterlines.”

A long-term solution to these problems will require the investment
of billions of dollars to provide the necessary infrastructure for water
delivery systems and for water and wastewater treatment plants. Until
such services can be provided, intermediate steps can be taken to ensure
that impacted populations have access to appropriate techniques that

will make a difference to the quality of water consumed.

As it flows north from Mexico into California’s Imperial Valley, the New
River not only brings with it more than 75 700 m? of raw sewage daily,
but also a human cargo of illegal immigrants that may host bacteria
and pollutants that cause communicable diseases. Public health officials
along the border worry about this toxic, infested river and the people

who use it as a route into the United States.

A report by the federal Centers for Disease Control (Herrera et al. 1993)
noted that California had double the rate of infections of two food-
borne pathogens associated with human sewage, campylobacter and
shigella, than any other state and it has been discussed if there are any
connections between the immigrants and these diseases (Herrera et al.
1993, Hearn 1993).

Hayes et al. (1999) conducted a study in which sample results indicate
there was not a widespread water quality or human health problem
in the Lower Colorado River Basin. During the Gila River flood, levels
of bacteria, total suspended solids (TSS) and nutrients increased
significantly, but dropped quickly after the flooding had stopped.
Faecal coliform bacteria counts of 200 colonies per 100 ml were found,
compared to EPA standard levels of less than 10 colonies. However,
testing showed that few of the samples that tested positive originated
from human wastes. Of the 154 water wells and lake pump potable
water samples taken, 64 tested positive for bacteria or showed elevated
levels of total dissolved solids, total organic carbon or nitrates (CNA
2000a).

Pesticide contamination in the Lower Colorado has caused some

localised health problems in the border region. An elevated prevalence

of systemic lupus erythematosus (SLE) (an autoimmune disease) was
reported several years ago (1996) in Nogales, Arizona and Rio Rico, a
nearby community. The report showed that the prevalence of SLE in
Nogales is higher than thereported prevalence in the U.S. population and
that both casesand controls had past exposure to chlorinated pesticides

and has ongoing exposure to organophosphates (Balluz et al. 2001).

From the sampled sites in the Colorado River Delta, Garcia-Hernédndez
et al. (2001) found that none of the edible fish (e.g. Micropterus salmoides,
Cyprinus carpio, Ictalurus punctatus, Mugil cephalus, Lepomis macrochirus
and Tilapia zilli) collected from the Colorado River Delta wetlands
exceeded the selenium threshold level of 6.5 ug/g dry weight that
warrants advisories by the U.S. Health Department, recommending

limited fish consumption by humans (Scorupa et al. 1996).

Uranium is leaking from an abandoned uranium mill near Moab,
Utah into the Colorado River at 530 times the federal radiation limit,
threatening the drinking water of more than 25 million people, serving

mainly people in Las Vegas, Los Angeles, Phoenix and Tucson.

Heavy metals and radioactive materials in tailings piles are introduced to
human contact through a number of pathways. Continued radioactive
decay through alpha and gamma particle emissions, inhalation of
windblown particles, and inhalation of radon gas, a daughter product
of radon-222, are all potential contaminant exposure pathways. These
exposure pathways can be effectively mitigated and eradicated by

capping the piles with a layer of impermeable material (USGS 2000).

The most threatening exposure pathway is contamination of ground
and surface water with heavy metals and radionuclides. Preventing
contamination of ground and surface water is a more complicated
problem than mitigating the other exposure pathways. Mitigation of
this pathway usually involves relocating the tailings to an offsite disposal
cell. Due to the large volume of most tailings piles this procedure is both
complicated and costly (USGS 2000).

The USGS (2000) study showed that the radiation and toxins are
entering the River at 25.3 litres per minute from the Atlas uranium mill.
The radiation already exceeds Utah standards and the state has called

for an extensive study of groundwater.

According to Brechner et al. (2000), drinking water that has been
contaminated with small amounts of perchlorate may be the reason
behind higher-than-normal thyroid hormone levels being identified in
some newborns in Arizona. The study found that mothers who drink

water with detectable levels of perchlorate gave birth to babies with
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elevated levels of thyroid stimulating hormone (TSH), an indicator of

the thyroid disorder known as hypothyroidism.

The drinking water from Lake Mead has perchlorate levels of 11 ppb,
and the EPA currently recommends that drinking water contain no more
than 18 ppb. No standards have been clearly established regarding safe
levels of perchlorate exposure for humans. By late 2000, however, the
EPA is expected to issue regulations regarding whether there are any

acceptable levels of perchlorate in drinking water (Batista et al. 2003).

In addition to the direct effects of perchlorate in drinking water,
there is also concern over harm to human health through foodstuffs.
Across the Southwest, the Colorado River water irrigates 95% of
America’s winter lettuce crop, grown in Yuma, Arizona, and California’s
Imperial Valley. The EPA says it still does not know if lettuce and
other vegetables accumulate perchlorate from irrigation water, but
preliminary indications are not good. Tests on several vegetable
samples from a perchlorate-contaminated farm in Redlands found
the plants concentrated perchlorate from local irrigation water by an
average factor of 65, according to calculations by Renee Sharp of the
Environmental Working Group in Oakland, California, one of the few
non-profit groups focused on perchlorate contamination. That means
the perchlorate dose in the vegetables was 65 times the amount in the
water (Waldman 2002).

Although health problems related to water pollution are considered
to have moderate severity because of the characteristics of the cases
known to date, the problem has been present for a long time, so it has
a continuous impact on society. The severity and duration of impacts
are extremely important not only from an environmental perspective
but also from a social point of view, in order to call for government

attention.

Other social and community impacts

Although the Colorado’s river water is highly polluted, people accept
the poor quality of water, since the River is to some the only reliable
surface water source in the Basin (e.g. in Mexicali and San Luis Rio
Colorado). Pollution of water sources for the purpose of human water
consumption is of no threat, considering that 90% of the Basin employs
purified water instead of potable water, which comes directly via
municipal sources. Geographically, almost the entire region is affected
by water quality issues, as well as the productive sectors (agriculture and
industry). Despite the many people dependent on the Colorado River
that are affected by poor quality water, radical changes have not been

made to improve the situation.

Conclusions and future outlook

The GIWA Assessment considered pollution to have a moderate impact.
The increasing salinisation of freshwater resources in the California
River Basin is reducing the available water suitable for industrial and
agricultural activities, and domestic water supply. Many sectors require
water with very low salinity and treatment is required regardless of the
salinity of the supplied water, and thus in the short-term all industries
and sectors will be obligated to treat their waters within established

regulations.

In general, industries prefer purveyor-supplied water for in-house
potable supplies because it meets requirements under health
codes. This implies direct consequences not only for the industry
that will increase their costs, but also for the general public who will
inevitably pay for the improved treated water they consume. Salts are
commonly leached in agricultural lands, a reduction of water supplies
to the agriculture and a lack of water recharge to the aquifers, would
consequently lead to an increase in the salinity of the aquifer, making

costs for soil recovery even higher.

In addition, aquifers have had salinity problems due to reduced surface
water and as a result of groundwater recharge from imported water
(e.g. Colorado River Aqueduct), recycled water as well as by incidental
recharge from wastewater discharges (MWD/USBR 1998). This situation

is particularly acute in southern California and northern Mexico.

Groundwater is one of Mexico's, California’s and Arizona's greatest
natural resources. In an average year, groundwater meets about 30%
of California’s urban and agricultural water demand. In drought years,
this percentage increases to more than 40% (CDWR 1998). In 1995, an
estimated 13 million Californians (nearly 43% of the state’s population)
used groundwater for at least a portion of their public-supply needs
(Solley et al. 1998). In Arizona, 400 million m? of groundwater is removed
annually which is about double the amount being replaced by recharge
from rainfall (UNEP 2003), even though Arizona has become the first

state to limit the pumping of groundwater (Wolman 1987).

Aquifer exploitation has increased in southwestern California and
Mexico, following the reduction of California’s water supply from the
Colorado River. However, water pollution is expected to decrease in this
region, due to the implementation of improved technologies and water

treatments such as the Mexicali Il wastewater treatment plant.

The impact of natural and non-natural pollution in the Basin will have
a strong impact on the community’s water culture. Diminishing water

supplies and increasing demand for water will force society to become
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more conscientious regarding its use and quality. Conservation of this
precious resource is essential and it is expected recycling will play
an increasingly important role. Without appropriate mitigative and
preventative measures population growth, urbanisation, and industrial
development, will increase pollution and threaten available supplies

of usable water.

Habitat and community
modification

Water management practices have caused dramatic changes in the
Colorado River and resulted in a loss of nearly 76% of the historic
wetland areas in the Colorado River Delta in the last century, with severe
consequences for wildlife and local communities. The delta has shrunk
to approximately 60 000 ha, 5% of its historic size. In the 1970s and 1980s
no water from the River reached the Upper Gulf of California. From 1980
to 1998, total water releases to the delta have amounted to an estimated
20% of the Colorado’s total flows (Lueck et al. 1999), permitting a partial
revegetation of wetlands and riparian forests. Although most of the
flows are either floodwater, which is extremely unreliable and irregular,
or agricultural and municipal wastewater, which is high in salinity and
pollutants, these waters are proving beneficial and have begun to

restore some areas of the delta.

Up to the early 20" century, the delta region had a vegetation pattern
clearly associated with the River. Plant communities in this area
were probably similar to those currently found immediately north
of the US.-Mexico border. Today, most of the vast riparian forests
have disappeared, replaced by alien salt cedar (Tamarix ramosissima),

although some patches and isolated trees remain.

The 150 km stretch of river in Mexico contains twice as much native
riparian forest and wetland habitat as the upstream stretch in the U.S,,
as a result of flood and agricultural discharge waters over the past 20
years. However, even this modest regeneration of habitat is under treat
from U.S. Bureau of Reclamation initiatives to eliminate this “slack” in the

system and capture water flowing to Mexico for U.S. water users.

Environmental impacts

The modification and loss of habitat in the Basin is assessed as having
a severe impact. Due to decades of dam construction and water
diversions in the United States and Mexico along the Colorado River
Basin, the Colorado River Delta’s vast wetlands and riparian zones, has

been greatly altered to a remnant system of small wetlands and brackish

mudflats. Once the Colorado River Delta was lush with vegetation; it
supported some 200-400 plant species, along with numerous birds, fish,

and mammals (Glenn et al. 1992), of which many are native.

Many of these species are on the brink of extinction or are already
extinct in the area, such as jaguars (Felis onca), Mule deer (Odocoileus
hemionus) and otters (Lutra canadensis) (Mellink 1996). Much of the
upper delta has been converted to irrigated farmland, and levees
and channels have changed the physical delta significantly. Dam
construction among other factors has provoked permanent changes

to the natural ecosystems.

Prior to dam construction the Colorado River Delta covered 780 000 ha
and supported plant, bird and marine life. The River's flow reaching
the delta supplied freshwater, silt, and nutrients, which helped create
a complex system of wetlands that provided feeding and nesting
grounds for birds, and spawning habitat for fishes and crustaceans
(Glenn et al. 1996).

In the 1970s and 1980s the delta was considered as a “dewatered” or
"dead ecosystem” because the water from the River did not flow out
to the ocean (Spamer 1990). Since 1981, the delta has been partially
revegetated by the discharge of floodwaters (abnormal snow melts in
the Upper Colorado River) and agricultural drainwater from the United
States to Mexico. These current conditions have allowed wetlands and

riparian vegetation to flourish on about 60 000 ha.

Although there exists a relative number and distribution of native
species, non-native species have comprised the ecological health
of much what remains of the delta wetlands. Increases in riverbank
salinity and other alterations of the riparian zone have favoured the
establishment of invasive, salt tolerant species (Glenn 1998). Along
most of the River the native gallery forests of cottonwoods (Populus
fremonti) and willow (Salix goodingii) have been replaced by the
introduced shrub, salt cedar (Tamarix ramosissima), with a resulting loss
in habitat for native fauna, occupying great extensions of modified
habitat (USBR 2000b).

Salt cedar (Tamarisks) has four main impacts on the local environment
once they become established: (i) increased soil salinity; (i) increased
water consumption; (iii) increased wildfire frequency; and (iv) increased
frequency and intensity of flooding (Wiesenborn 1996). In general, as
floodplains become more desiccated with age, salt cedar assumes a
greater dominance due to its high drought tolerance compared with
the native phraetophytes. This results in an ability to produce high

density, monospecific stands (Cleverly et al. 1997).
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Due to their high evapotranspiration rate tamarisks can dry out smaller
water bodies, affecting fish such as the endangered Desert pupfish
(Cypranodon macularius). Also, due to its aggressiveness, they out
compete cottonwoods and willows, reducing the value of the habitat
for several animals including the endangered Yuma clapper rail (Ralus

longirostris yumanensis) (Mellink & Luevano 1998)

The drastic decline in native forest vegetation has reduced the habitat
value of the riparian zone for the native species. The Southwestern
willow flycatcher (Empidonax traillii extimus), as well as many other
species, has become endangered in the U.S-Mexico border region
due to the reduction of its habitat. The Willow flycatcher breeding area
formerly included the Lower Colorado River and its delta. It now appears
that the birds found in the delta were migrants (Garcia-Hernandez et
al. 2001). Many species of native fauna have not been able to adapt to

the actual conditions.

Recent studies indicate that populations of many neotropical migrant
land bird species are in decline probably due to human development
and land management practices along the Colorado River corridor.
These human activities have modified or eliminated large amounts of
potential stopover habitat for neotropical migrant land birds (Moore
et al. 1995). At the continental scale, the delta plays an important
ecological role, functioning as a rest area within the Pacific bird corridor
used by 75% of North American migratory birds each year (Pitt et al.
2000). The delta presently plays a critical role because of the extensive
loss of wetlands and riparian habitat throughout the southwest and

northwest of America.

The introductions of invasive fishes to the hydrological system and
the changes within the habitat conditions have resulted in a drastic
reduction of native fish communities (Table 24). Four of the native "big
river fish” of the Colorado River are now close to extinction (Gila cypha,
Gila elegans, Gila robusta and Ptychocheilus lucius). Of these, only the
Humpback chub (Gila cypha) has a sufficient population to reproduce
successfully in the lower basin. In addition, marine fish species have
been found with major frequency in the River (e.g. Eleoteris picta, Mugil
cephalus and Elops affinis), due to the effects of tides from the Gulf of
California, many of them turning into predators or competing with
native fishes (USBR 2000b).

The damming of the Colorado River has modified the environment
of the Upper Gulf of California. The reduction in freshwater flow has
cut the influx of nutrients to the sea and reduced critical habitats for
nursery grounds for many commercially important species: Totoaba

(Cynoscion macdonaldi), Gulf curvina (C. othonopterus) and Brown

Table 24  Fishes of the Colorado River in the Grand Canyon, and

their status.

Commonname | Scientificname Status* | Status of native species
Threatened with extinction; listed as
. endangered under the Endangered Species
HumpbacKchully Gila cypha N Act (ESA) in 1967; a reproducing population
existsin the Little Colorado River.
Threatened with extinction; listed as
Bonytail chub Gila elegans N endangere.?d under ESA in 1980; no natural
reproduction; only a small number of older
fish remain.
Roundtail chub Gilarobusta N Classified as a “species at risk” of being listed
asendangered under ESA.
Colorado . . Appears extirpated in lower Colorado; listed
squawfish Ptychocheiluslucius N as endangered under ESA in 1967.
- Classified as a “species at risk” of being listed
Speckled dace Rhinichthys osculus N as endangered under ESA.
Flannelmouth Catostomus latipinnis N Classified as a “species at risk” of being listed
sucker as endangered under ESA.
Bluehead sucker | Catostomus discobolus N Classified as a “species at risk” of being listed
asendangered under ESA.
Threatened with extinction; listed as
Razorback sucker | Xyrauchen texanus N endangered under ESA in 1967.
Common carp (yprinus carpio |
Red shiners Cyprinella lutrensis |

Golden shiner Notemigonus crysoleucas |

Fathead minnow | Pimephales promelas |

Redside shiner Richardsonius balteatus |

Threadfin shad Dorsoma petenense |
Apache trout Oncorhynchus apache |
Cutthroat trout Oncorhynchus clarki |
Silver salmon Oncorhynchus kisutch |
Rainbow trout Oncorhynchus mykiss |
Brown trout Salmo trutta |
Brook trout Salvelinus fontinalis |
Channel catfish Ictalurus punctatus |
Mosquitofish Gambusia affinis |
Green sunfish Lepomis cyanellus |
Bluegill sunfish Lepomis macrochirus |
Largemouth bass | Micropterus salmoides |
Striped bass Morone saxatilis |

Note: * N = Native, | = Introduced. (Source: Minckley 1991, Wigiington & Pontius 1995)

shrimp (Farfantepenaeus californiensis) (Aragén-Noriega & Calderon-
Aguilera 2000). The Upper Gulf is the nursery area for the Blue shrimp

Litopenaeus stylirostris, the most profitable fishery in this region.

The Gulf curvinais an endemic fish of the Gulf of California that a